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Abstract

Predicting the actual performance of strategy use with self-report questionnaires is dif-
ficult, especially among elementary school children. Nevertheless, due to the simplicity
of self-report questionnaires, it is desirable to identify one that can predict children’s
performance of actual strategy use. This study investigated whether a self-report ques-
tionnaire on the frequency of using a diagram strategy in mathematical problem-solving
can predict children’s actual diagram use by manipulating the question type (i.e., free
description, multiple-choice, and Likert scale). We also examine the question types that
can better predict the actual strategy use in elementary school children. Fourth- to sixth-
grade children were asked to complete both a questionnaire, which asked about their daily
use of a diagram strategy through three question types and a test consisting of math word
problems. We found that when children were asked to self-report their strategy using a
Likert scale, they were predicted to use diagrams during the test regardless of grades.
Furthermore, the older the children became, the more effective it was to ask them to self-
report in a free description type. These results suggest that appropriate question types can
make it possible to measure actual strategy-use behaviors through self-report measures,
even for elementary school children.
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Introduction

Several studies have examined the use of learning strategies, such as what strategies are
used and which are effective for learning (e.g., Bjork et al., 2013; Dunlosky et al., 2013;
Edwards et al., 2014; Tullis & Maddox, 2020). According to Derry and Murphy (1986),
learning strategy is defined as “the collection of mental tactics employed by an individual
in a particular learning situation to facilitate acquisition of knowledge or skill” (p. 2). A
major research approach to learning strategies involves investigating their use with self-
report questionnaires. Several self-report questionnaires are widely used, for instance, the
Motivated Strategies for Learning Questionnaire (MSLQ); Pintrich & de Groot, 1990) and
Learning And Study Strategies Inventory (LASSI; Weinstein et al., 1988), to assess the
extent to which learners use strategies (e.g., Braten & Olaussen, 1998; Cano, 2006; Duncan
& McKeachie, 2005; Sungur, 2007). Measuring strategy use with self-report questionnaires
can be easily conducted for many participants at once and is more effective to implement
than the behavioral observation of actual strategy use (e.g., Berger & Karabenick, 2016;
Jacobse & Harskamp, 2012; Schellings & Van Hout-Wolters, 2011).

Regarding self-report instruments, especially on general learning strategies, methodolog-
ical drawbacks such as varying reference points of each respondent or social desirability
of answers have been indicated (Richardson, 2004; Schellings et al., 2013). A challenge
is that answers to self-report questionnaires are sometimes poorly related to the extent of
learners’ actual strategy use (e.g., Desoete, 2008; Kikas & Jogi, 2016; Lehmann et al., 2022;
McNamara, 2011; Sara¢ & Karakelle, 2012; Schellings & Van Hout-Wolters, 2011). For
example, Veenman (2011) noted that offline indices requiring retrospective judgments have
low validity in clarifying strategy use. Further, other researchers found no significant corre-
lations between the self-report questionnaire and either the task performance of mathemati-
cal problem-solving or online indices, including the think-aloud method and observation of
traces of strategy use during problem-solving (Jacobse & Harskamp, 2012).

While offline instruments may have limited validity, self-report measurements can still
be used to evaluate actual strategy use under certain conditions. Researchers have explored
the types and situations of self-report measures that can adequately measure actual behav-
ior, for example, using a task-specific questionnaire that is directly based on a taxonomy
used for coding online measurement protocols (Schellings, 2011) or asking participants to
choose an appropriate option from multiple-choice questions that described a situation of
strategy use (Cromley & Azevedo, 2011). Given the advantage of self-report measurements
for simplicity and convenience, it is important to clarify when self-report measures are
useful in predicting actual strategy use behavior. However, there is still uncertainty regard-
ing whether and what kinds of self-report questionnaires are efficient in measuring actual
strategy use.

There is a great need to identify which questionnaires are relevant to actual strategy use,
especially for elementary school children. Questionnaires with low implementation cost and
high convenience are particularly effective for younger age groups; however, the validity of
self-reported metacognition is lower among elementary school children than among junior
high school, high school, and university students (Craig et al., 2020). Craig et al. (2020)
conducted a meta-analysis on the relationship between online control tasks and offline self-
reported knowledge in measuring metacognition. The authors showed that both correlation
and heterogeneity (i.e., the magnitude of variation in results across studies; /2) were smaller
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for primary students (r=.08 (95% CI = [-.05, .21]), 12=10%) than for secondary (r=.33
[-.002, .65], 12=52%) and university students (r=.29 [.18, .40], 12=59%). That is, there
was little association between the online and offline indices consistently across studies,
especially among elementary school children. This may suggest age-related differences in
metacognitive skills and that elementary school children have underdeveloped metacogni-
tive skills due to inexperience and insufficient expertise; therefore, they may not know how
to apply the knowledge to a task or be fully aware of their strategy use (Craig et al., 2020).
Thus, it is necessary to reveal a valid self-report measure that can adequately predict strat-
egy use, especially for elementary school children developing metacognition.

This study aimed to clarify whether and how a self-report questionnaire can predict actual
strategy use in fourth- to sixth-grade elementary school children using several question
formats. To enhance the validity of the self-report questionnaire, we focused on a specific
strategy rather than a general one and targeted fourth- to sixth-graders among elementary
school children.

First, we focused on the specificity of the target strategy. When examining a valid self-
report measure that is a good predictor of actual strategy use behavior, the task specificity of
the target must be considered (Craig et al., 2020; Schellings, 2011). Samuelstuen and Bréten
(2007) reported that a self-report questionnaire that measures general strategy use has low
validity compared to the measurement of specific strategies in a particular task context in
15-year-old students. Additionally, the task-specific questionnaire for measuring metacog-
nitive skills in mathematics problem-solving better correlated with the performance from
the think-aloud paradigm than the general questionnaire (Veenman & van Cleef, 2019).
Although these findings are based on junior high school and high school students, they
have suggested that the association between self-report questionnaires and the performance
of actual strategy use is affected by the context of the target strategy. It is more likely that
assessing the degree of strategy use for task-specific situations is more valid than measuring
general strategy use, that is, individual tendencies of strategy use regardless of a situation
or context. Since elementary school children have less ability to generalize a situation than
older students, it is desirable to focus on a specific strategy in a specific learning context.

Therefore, this study asked elementary students to report their strategy use, especially
diagram use in mathematical problem-solving (e.g., Hembree, 1992; Schoenfeld, 1985;
Uesaka et al., 2007). Diagram use is one of the most effective and popular strategies to
promote one’s performance in solving mathematical problems (e.g., Hembree, 1992; Low-
rie, 2020). Uesaka et al. (2007) examined the relationship between self-reported daily use
of diagrams and actual strategy use when solving mathematical problems in junior high
school students. They reported a moderate positive correlation between the answer to the
self-report questionnaire and the actual behavior of strategy use. However, the participants
of Uesaka et al.’s (2007) study were 13-to 15-year-olds; therefore, it is still unclear whether
such relationships between self-report answers and the performance of diagram use are also
observed in elementary school children, who are younger, and have less validity in measur-
ing metacognition via self-report than do junior high school and older students.

Second, we targeted fourth- to sixth-graders. Studies suggest that elementary school chil-
dren’s metacognitive skills are not sufficiently developed (Craig et al., 2020; Dermitzaki,
2005; Haberkorn et al., 2014; Metcalfe & Finn, 2013). However, elementary school students
are of a wide range of developmental ages from six to twelve years old (in the case of Japan),
and their metacognitive abilities are different. Indeed, previous studies have suggested that
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an age-related improvement in metacognitive control ability appears in upper elementary
school children at approximately 10 years old (e.g., Bayard et al., 2021; Dufresne & Koba-
sigawa, 1989; Roebers et al., 2014). Dufresne and Kobasigawa (1989) investigated the
metacognitive control abilities of first-, third-, fifth-, and seventh-grade children concern-
ing allocating learning time and found that fifth- and seventh-grade students could allocate
their learning time more efficiently on the level of difficulty of the study. Roebers et al.
(2014) showed other examples of developmental differences in children’s metacognition;
they found a developmental improvement in metacognitive monitoring and control, and
closer associations between metacognitive process and test performance in eleven-year-
olds than in nine-year-olds. Thus, considering the development of children’s metacognition,
accurately judging their strategy use is still a developing skill even in the middle to upper
elementary grades, and as children get older, they are likely to be more accurate in reporting
their strategy use behavior. Therefore, this study specifically focused on the upper grade of
elementary school children, who are nine- to twelve-year-olds.

Additionally, as a new perspective, we focused on the impact of question formats. Most
self-report questionnaires use the Likert scale, which confirms how often one uses a certain
strategy in a four-or five-point format (e.g., Pintrich & de Groot, 1990; Weinstein et al.,
1988). However, other types of questionnaires besides the Likert format exist, for exam-
ple, those that ask participants to answer freely about their strategy use (e.g., “What kind
of strategies do you use when you are studying?”; Karpicke et al., 2009; Zimmerman &
Martinez-Pons, 1988) or those that ask participants to choose from several possible answers
regarding whether they would use a certain strategy in a particular scenario (e.g., the fol-
lowing scenario in Karpicke et al., 2009: “Imagine you are reading a textbook chapter for
an upcoming exam. After you have read the chapter one time, would you rather ...”). The
effect of questionnaire formats on tasks is a key topic examined in the past (e.g., Jonsson
et al., 2017; Rodriguez, 2003). However, despite the suggested effects of different question
formats, how the relationship with objective indices varies with the various question for-
mats of self-report questionnaires has not been examined.

When asking about strategy use, the degree of difficulty may differ between the ques-
tion formats: the multiple-choice format, wherein participants select the strategy they have
used from a list of options; a Likert scale format, wherein participants choose the inten-
sity of the frequency of use of each strategy; and the open-ended free-description format,
wherein participants freely report the recalled strategies they use. Put differently, similar
to how a recognition task is easier than a recall task for its format (e.g., Postman et al.,
1975), multiple-choice and Likert formats are expected to be easier to answer than a free-
description format questionnaire since there is no need to generate the choice options one-
self and instead use various cognitive strategies (such as inference). Another possibility is
that elementary students are not yet good at meta-thinking and therefore cannot answer the
free-description format well. Thus, it is necessary to compare multiple question formats of
self-report questionnaires on strategy use to determine the best format that predicts actual
diagram use behavior. Especially for elementary school children in the process of meta-
cognitive development, their responses may be greatly influenced by the question format.
Therefore, it is possible to identify more efficient self-report indices by examining more
appropriate question formats among self-report questionnaires. In this study, we prepared
three types of self-report questionnaires: free-description, multiple-choice, and Likert. Sub-
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sequently, we examined which of the three question formats better predicted actual diagram
use in mathematical problem-solving.

Overall, this study aimed to examine an offline questionnaire measurement to predict
actual performance of diagram use in mathematical problem-solving for fourth- to sixth-
grade elementary school children, who have reported weak relationships between online
and offline measurements. We focused on the diagram use strategy, a highly specific strategy
for mathematics, to make it easier to examine relationships between online and offline indi-
ces in elementary school children. Additionally, we compared three formats of self-report
questionnaires to examine the best predictor of actual strategy use. Alongside examining
correlations between actual diagram use during word problem-solving and offline self-
report measures, we also examined how each question format uniquely predicted actual
strategy use in an exploratory analysis.

Since previous studies using highly specific strategies (i.e., diagram use) for examin-
ing the relationship between actual online strategy use and offline self-reported measure-
ments have reported positive correlations between online and offline measures (Uesaka et
al., 2007), we hypothesized that the two would be positively correlated even in elementary
school children. Moreover, the correlation strength was expected to vary depending on the
question format: the Likert format, which has the lowest abstraction or freedom of ques-
tion, was expected to have a stronger association between online and offline indices. In
contrast, the free-description format, requiring additional meta-monitoring ability of one’s
own activities, was expected to have a weaker association with the online index, especially
for lower-grade children.

Method
Participants

A total of 496 third- to sixth-grade students in one of two public elementary schools in
Tokyo, Japan (2-3 classes per grade) participated in the survey. The survey for the first
school was conducted from April to May 201X for 179 fourth- to sixth-grade elementary
school children (66 fourth-grade students, including 28 boys and 38 girls; 64 fifth-grade
students, including 33 boys, 30 girls, and one of unknown gender; 49 sixth-grade students,
including 28 boys, 18 gitls, and three of unknown gender). The survey for the second school
was conducted from December 201X to January 201X+ 1 for 317 third- to fifth-grade stu-
dents (110 third-grade students, including 58 boys, 49 girls, and three of unknown gender;
104 fourth-grade students, including 53 boys and 51 girls; 103 fifth-grade students, includ-
ing 43 boys, 53 girls, and seven of unknown gender).

Since the survey was conducted at the beginning of the school year (April) in the first
school and the end of the school year (January) in the second school, the grades in the sec-
ond school were treated in the same age group as those in the following year. For example,
fourth-graders in the first and third-graders in the second school were treated as the same
age group (fourth-graders). Therefore, there were 176 fourth graders (86 boys, 87 girls, and
three of unknown gender); 168 fifth graders (86 boys, 81 girls, and one of unknown gender);
and 152 sixth graders (71 boys, 71 girls, and 10 of unknown gender). Twenty-eight children
were excluded for missing or unanswered responses. Thus, we analyzed data from 468 chil-
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dren (171 fourth graders comprising 86 boys and 85 girls; 159 fifth graders comprising 81
boys and 78 girls; 138 sixth graders comprising 69 boys and 69 girls).

This study was approved by the Ethical Committee of the university to which the authors
belonged. We obtained informed consent from the school principals of the children who par-
ticipated in the survey. After the survey, we distributed examples of the ideas and solutions
for the math problems used in the survey to the children. We also sent the survey feedback
to teachers, including the correct answer rate of the mathematical problems, the percentage
of children who used diagrams, and a summary of answers to the questionnaire, which can
be used as material for future instruction.

Inventory

For the convenience of conducting the survey, the inventory was organized into two book-
lets— questionnaire and test—by the implementation date.

Questionnaire booklet. It comprised seven questions, including one free-description
question, one multiple-choice question, and five Likert-type questions. The items’ order was
fixed to ensure they did not affect each other: first, free-description, then multiple-choice,
and finally, Likert question. The contents of the questionnaire booklet were the same for all
grades.

In the free-description question, participants were asked, “How do you usually approach
mathematical word problems when solving them? Please tell us the strategies you use to
solve mathematical word problems effectively, being as specific and detailed as possible.
Write not only one tip, but as many as you can recall.” Subsequently, they were asked to fill
in the blanks with free descriptions.

In the multiple-choice question, participants were presented with a specific situation and
asked to choose one of the options that they would most likely opt for: “During a mathemat-
ical test, you are trying to solve a mathematical word problem, but you do not know how
to solve it right now. In such a situation, what would you do? Choose one of the following
options and circle the one that best describes your usual behavior in such situations. — (1)
Give up solving it and move on to the next problem; (2) Do not give up and keep thinking in
your mind; (3) Try adding, subtracting, multiplying, and dividing the numbers in the prob-
lem text by trial and error; (4) Draw a diagram; (5) Others (free description).”

In the Likert-type questions, participants were presented with five learning strategies for
solving mathematical word problems, including one about diagram use (“To understand the
meaning of the problem, I use diagrams and tables”), and asked, “How often do you use the
following learning methods when you study mathematics? For each of the strategies, choose
one frequency from Never (1) to Often (4) and circle the number.” For each of the five strat-
egies, participants answered the frequency of each strategy use through a four-point scale
(“1: Never use,” “2: Not use very often,” “3: A little use,” “4: Very much use”).

Test booklet. The test booklet comprised four mathematical word problems based on
the previous grade level for each grader. To make the use of diagrams more necessary, we
prepared applied problems rather than basic problems that can be solved without using
diagrams by modifying some Japanese commercial workbooks (“Syogaku 3/4/5-grade Hyo-
jun Mondai-shu Sansu,” published by Juken kenkyu-sya, in Japan). Moreover, to avoid
the influence of the kinds of problems and increase the generalizability of the results, we
prepared two versions of the test booklet, comprising four different mathematical word
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problems for each grader. Subsequently, we asked teachers to give children test booklets
based on their student numbers to ensure an equal number of versions 1 and 2 in each class.
The test booklets included mathematical problems such as the following: “There are three
children with two balloons in each hand. How many balloons are there in total?” (Version
1), and “There are many colored papers. When divided into 40 pieces each, you can make
eight sheaves and have 20 pieces left. How many pieces of colored paper are there in total?”
(Version 2) for fourth graders.

The test booklet was an A4 size sheet printed on both sides, with a cover page followed
by a facing page of four word problems. Below each question, there was enough space to
write notes, formulas, and diagrams. In all grades, participants were asked not to use erasers
and write down whatever they thought by the instruction on the cover page.

Procedure

The survey was conducted after obtaining survey permission from the principal of each
school. We mailed the inventory booklets to each school and asked the homeroom teacher
of each class to conduct the survey (e.g., distribute the booklets, instruct before answering
the inventory, and collect the booklets) as per the researchers’ instructions. As noted, we
asked the homeroom teachers that the two booklets of inventory (i.e., the test and question-
naire booklets) not be answered at the same time; rather, assessment of the test booklet
should be conducted on different days during the same week after the administration of the
questionnaire booklet, and the two versions of the test booklets (versions 1 and 2) should be
distributed alternately following the order of student list in each class to avoid any particular
bias in test booklet distribution.

Data coding

The coding criteria for the correctness of the mathematical problems, use of diagrams for
the test booklet, and answer to the free-description and multiple-choice questionnaires were
prepared in advance by the authors in consultation with each other. After the scoring exer-
cise, two raters independently coded the test and questionnaire according to the coding cri-
teria. Data from the first school were scored by two authors, and data from the second school
were scored by the first author and a university student majoring in elementary education.
When the two raters did not agree on the item scores, the ratings were decided through a
discussion.

Coding of test performance. For each participant, the number of correct answers among
all four questions was independently evaluated by two raters. For each word problem, one
point was given for a correct and zero for an incorrect answer. However, one point was still
given even if the answer was incorrect, only when the correct answer was written in the
memo, but children mistakenly copied it to the answer space. Additionally, 0.5 points were
given if the formulation of an equation was correct but the answer was wrong (e.g., the
decimal point was wrongly placed).

Coding of actual diagram use. For each participant, the appearance of the diagram use
for each of the four-word problems was independently evaluated by two raters. For each
question, one point was given if a diagram was used and zero if no diagrams were used. In
this study, a diagram was defined as any coherent description showing at least two or more
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Fig. 1 Example of actual diagrams drawn by children. (a) shows a diagram drawn by a fourth grader, (b)
shows a diagram drawn by a fifth grader, and (c) and (d) are diagrams drawn by a sixth grader

elements, such as digits and arrows or/and lines, to represent relations of variables indepen-
dent of numerical formulas (cf., Uesaka et al., 2007). When the additional elements, such as
lengths or lines, were written in the figures given in the word problems, those descriptions
were also considered diagrams. Tables were also included in the diagrams. Additionally,
even if the children deleted the diagrams, they were counted as diagrams if they could
be identified. In contrast, following the definition of a diagram in this study, descriptions
wherein elements or arrows were shown separately were not considered diagrams; simple
conversions such as “1 cm -> 100 mm” and formulaic expressions such as “percent trian-
gle (ku-mo-wa in Japanese)” or “time-speed-distance triangle (mi-ha-ji in Japanese)” were
not considered diagrams because they were just tools for simplifying calculations, not for
understanding the situation in the word problem. An example of an actual diagram drawn
by children is shown in Fig. 1.

After discussing the items on which the two raters did not agree, the percentages of cor-
rect answers and ratio of diagram use among all four-word problems were calculated for
each participant. Additionally, the ratio of diagram use restricted to wrong answers was also
calculated.

Coding of the free-description scale. A total of 14 categories of possible answers were
generated by the discussion among authors in advance (e.g., “diagram uses”: descriptions
referring to the use of diagrams, such as “draw diagrams,” “organizing the information in
problems by making figures, tables, and graphs,” and so on; for all categories, see Table
S1 in supplementary information). When a participant submitted two or more answers,
each answer was divided by bullets or sentence meaning and was evaluated as a separate
response. The ratio of agreement or reproducibility between the two raters was then calcu-
lated (i.e., kappa coefficient). The categories of items not classified in the agreement were
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determined by discussion. Subsequently, the answers with or without reference to the cat-
egory of diagram used were dummy coded as binary data (0/1) per participant.

Coding of multiple-choice scale. If participants chose “S: Others” and wrote down their
strategies freely on the multiple-choice scale, the authors classified them into three catego-
ries generated by discussion among authors in advance (1: resolving, such as “After reach-
ing the last problem, come back and solve it again”; 2: careful reading, such as “Reread the
question carefully”; 3: others). Subsequently, the raters discussed categories for which no
consensus was reached among the two raters, following the calculation of the agreement
rate. This study’s focus was whether children chose option 4, “draw a diagram”; therefore,
choosing that option or not was dummy coded as 0 (absence) or 1 (presence) for each
participant.

Likert scale. Each of the five Likert-type questions was scored from one to four, with
higher scores indicating more frequent use of the strategy and lower scores indicating a
lower frequency of strategy use. Since this study focused on the response to the question,
“To understand the context of the word problem, draw figures and tables to represent them,”
the frequency of strategy use was scored on a four-point scale.

As a result of coding, the agreement rate (Kappa) was as follows: for coding of the test
performance, ks=0.95-0.97 (x=0.95 for the first school, x=0.97 for the second school); for
coding of the actual diagram use, xs=0.93-0.96 (x=0.96 for the first school, xk=0.93 for the
second school); for coding of the free-description question, xs=0.80—0.84 (x=0.84 for the
first school, x=0.80 for the second school); for coding of the free answers in the multiple-
choice question, xs=0.84-0.90 (x=0.90 for the first school, x=0.84 for the second school).

Results
Summary statistics

We analyzed the data using R 4.1.2 (R Core Team, 2021). For the data from 468 participants,
after omitting missing data, we calculated for each grade level the average correct answer
rate of the test and average rate of diagram use in the test, as well as the average referenced
rate of diagrams in the answers to the free-description question, average selected rate of the
option of diagram use in the multiple-choice question, and average frequency of diagram
use in the Likert-type question (Table 1). When participants’ school and version of the test
booklets were combined for each grade level, the average correct answer rate of the test
was 51% (SD=30) for fourth-graders, 47% (SD=36) for fifth-graders, and 42% (SD=36)
for sixth-graders. Additionally, the average rate of actual diagram use in the test was 16%
(SD=23) for fourth-graders, 28% (SD=24) for fifth-graders, and 37% (SD=33) for sixth-
graders. The overall correct answer rate was approximately 50% in all grades, confirming
that the difficulty was set at a level hard to solve without diagram use. Additionally, for
answers to the self-report questionnaire, the average rate of referring to diagram use (for
the free description) was 10% (SD=30) for fourth graders, 23% (SD=42) for fifth graders,
and 37% (SD=48) for sixth graders. The average rate of choosing the strategy of diagram
use (for the multiple-choice scale) was 13% (SD=34) for fourth, 25% (SD=43) for fifth,
and 24% (SD=43) for sixth graders. Finally, the average frequency of subjective reports of
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diagram use (for the four-point Likert scale) was 2.87 (SD=0.93) for fourth graders, 3.13
(SD=0.89) for fifth graders, and 3.13 (SD=0.86) for sixth graders.

Since participants belonged to two schools and two versions of test booklets were used in
the present data, we confirmed the effects of these two extraneous variables. We conducted
a two-way multivariate analysis of variance per grade for all five test and questionnaire
indices, with the independent variables of the participants’ school and version of the test
booklet, using Pillai’s trace statistic. As a result, we found significant main effects of school
affiliation (Pillai’s trace=0.07, F(5,163)=2.56, p=.03 in fourth graders; Pillai’s trace=0.07,
F(5,151)=2.42, p=.04 in fifth graders; Pillai’s trace=0.20, F(5,130)=6.49, p<.001 in sixth
graders) and version of the test booklet (Pillai’s trace=0.10, F(5,163)=3.55, p=.005 in
fourth graders; Pillai’s trace=0.15, F(5,130)=4.56, p<.001 in sixth graders; note that there
was no significant main effect found in fifth graders, Pillai’s trace=0.03, F(5,151)=0.92,
p=.47); that is, these two extraneous variables had partial effects on several indicators.
There was no interaction between the school and booklet versions. Therefore, the school
affiliation and version of the test booklet were included as control variables in the subse-
quent analysis.

Partial correlations between the rate of diagram use in the four problems and each
question type in the questionnaire

First, we conducted a partial correlation analysis to examine the degree of association
between actual diagram use and each question format of the self-report questionnaires. Par-
tial correlations between each format of the questionnaire and the average rate of diagram
use in the test were calculated after controlling for school affiliations and versions of the test
booklet for each grader (Tables 2, 3 and 4). All correlation coefficients were calculated by
Pearson’s method; the correlations between the average rate of diagram use in the test and
whether each participant referred to diagram use in the free-description and multiple-choice
questions were specially called the point-biserial correlation (), which referred to a Pear-
son’s correlation where one of the variables was dichotomous.

In the fourth grade, the rate of diagram use in the test was significantly positively corre-
lated only with the mean frequency of subjective use of diagrams in the Likert scale (r=.34,
p<.001) and not with the free description (7, = .07, p=.38) or multiple-choice (r,, = .11,
p=.17). In the fifth grade, there were significant positive correlations between the rate of
diagram use in the test and the free description (r,,, = .22, p=.006), multiple-choice (r,;, =
.25, p=.001), and Likert scale (r=.24, p=.002). In the sixth grade, as in the fifth grade,
there were significant positive correlations between the rate of actual diagram use and each
format of the self-reported measures (free description: r, = .34, p<.001; multiple-choice:
Fob = -23, p=.008; Likert scale: r=.37, p<.001).

In these correlation analyses, the four-point scale was used only for Likert-type ques-
tions, while the binary coding was used for free-description and multiple-choice ques-
tions to examine the association with actual strategy use. However, binarizing continuous
responses are known to have lower statistical power than analyzing them continuously (e.g.,
Cohen, 1983; Fedorov et al., 2009; MacCallum et al., 2002). Therefore, the likelihood of
significant correlations between Likert-type responses and the actual strategy use may have
been affected by differences in statistical power with other question formats. Hence, as
a supplementary analysis, we also confirmed the association between actual strategy use
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Table 2 Partial correlations 2 3 4

between actual strategy use and ; ok
cach format of the self-report 1. Rate of strategy use in the math test 07 .11 34

questionnaire in the fourth grade 2. Referring rate of diagram use in the free - ASFEE - DOFEX
description

3. Choosing the rate of diagram use in the - 34k

multiple-choice

4. Mean frequency of subjective diagram -
Note. *** p< 001 use in the Likert scale

Table 3 Partial correlations 2 3 4
between actual strategy use and

1. Rate of strategy use in the math test 22%%k 5%k D4%%
each format of the self-report . . .
questionnaire in the fifth grade 2. Referring rate of diagram use in the free - 24%% 0 DE¥H*
description
3. Choosing the rate of diagram use in the - 32%E*

multiple-choice

4. Mean frequency of subjective diagram -
Note. ** p< .01, *** p< 001 use in the Likert scale

Table 4 Partial correlations 2 3 4
between actual strategy use and

cach format of the self-report 1. Rate of strategy use in the math test 34kxx . 3wk FTHAR
questionnaire in the sixth grade 2. Referring rate of diagram use in the - 20%  40%**
free description
3. Choosing the rate of diagram use in the - A40***
multiple-choice
Note. * p<.05, ** p< 01, *** 4. Mean frequency of subjective diagram -
»<.001 use in the Likert scale

and binarized Likert data. As a result, the correlation between actual strategy use and the
binarized Likert answer had the same tendency as the four-point scale (see supplementary
materials for details).

Exploratory analysis: Regression analysis to examine the question format of the
self-report questionnaire to predict actual strategy use

In addition to examining which question format of the self-report questionnaire was associ-
ated with actual diagram use in solving word problems, an exploratory multiple regression
analysis was conducted to determine the unique contributions of each question format. The
rate of actual diagram use in the test was an independent variable, and the reference rate of
diagram use in the free description question, choice rate of the strategy of diagram use in the
multiple-choice question, and subjective frequency of diagram use in the Likert-scale were
dependent variables. Additionally, we included two variables as controls: school affiliation
and the test booklet version. Among fourth graders, except for the version of the test booklet
(b" =-.23, p=.002), only the Likert scale significantly predicted actual diagram use (b" =
33, p<.001; adjusted R>=.15, F (5, 165)=6.87, p<.001). However, fifth graders showed
that multiple-choice questions significantly predicted actual strategy use (b" = .17, p=.04);
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the Likert scale (b" = .15, p=.07) and free description (b" = .14, p=.09) showed marginal
significance for predicting actual diagram use (adjusted R*>=.09, F (5, 153)=3.96, p=.002).
In sixth graders, free description (b" = .23, p=.01) and Likert scale (b" = .24, p=.009) sig-
nificantly predicted actual diagram use (adjusted R*=.21, F (5, 132)=8.30, p<.001).

This study examined the relationship between the rate of actual strategy use in four-
word problems and the subjective indices of each question format, regardless of whether
the answers were correct or not. However, diagram use is not required if word problems
can be solved correctly without its use. Therefore, the responses of children who usually
use diagrams appropriately but could solve the word problems without diagrams in this
experimental test may have unfairly lowered the relationship between the actual and sub-
jective diagram use. Hence, as a supplementary analysis, we also checked the relationship
between the rate of diagram use and self-report questionnaires when limited to word prob-
lems answered incorrectly. A similar trend was still observed for all four-word problems in
both correlations and regression analyses (see Tables S2—-5 and the supplementary analysis
sections in the supplementary materials).

Discussion

This study examined the relationship between the actual strategic behavior of diagram use in
solving mathematical word problems and participants’ subjective reports through self-report
questionnaires, including three types of question formats: free description, multiple-choice,
and Likert-type questionnaires. We examined how each question format of the self-report
measurement was associated with actual strategy use and the unique contribution each ques-
tion format had in explaining actual strategy use as an exploratory analysis.

Our results indicated positive correlations between the self-report of subjective diagram
use and actual behavior in the test, suggesting that self-report questionnaires can capture
actual diagram use behavior to some extent, even in elementary school children. This aligns
with Uesaka et al.’s (2007) findings of a moderate positive correlation between subjec-
tive self-report and actual behavior in junior high school students. Although previous stud-
ies have repeatedly noted that self-report questionnaires do not adequately reflect learners’
actual strategy use (e.g., Desoete, 2008; Jacobse & Harskamp, 2012; Kikas & Jogi, 2016;
McNamara, 2011; Sara¢ & Karakelle, 2012; Schellings & Van Hout-Wolters, 2011; Veen-
man, 2011), this study suggests that even with offline measures, appropriate answers can
be obtained that reflect actual behavior depending on how the questions are asked, such as
asking for free descriptions of their certain strategy use, presenting specific strategies and
asking learners to choose one, and asking the frequency of use of each strategy on a scale.

Additionally, our exploratory results of regression analysis suggested that the appropri-
ate question format depended on the grade level. Put differently, the variation of the ques-
tion formats that better explain actual diagram use expands as grade increases; among the
three formats, the Likert-type question showed a unique contribution to predicting the actual
diagram use among all graders. In contrast, the free description questions on diagram use
became more effective as the grade increased. Previous studies showed that the validity of
self-report measures of metacognition was lower in elementary school children than in older
students, suggesting a link with underdeveloped metacognitive skills (Craig et al., 2020).
For younger children, especially those in the fourth grade, metacognitive skills are not yet
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developed due to inexperience and insufficient expertise, and they cannot grasp their own
strategy use properly. In contrast, older elementary school children, especially those in sixth
grade, can monitor their strategy use and store it as knowledge and answer well even in the
free-description format. This study suggested that while the Likert-type questionnaire is
valid for all grades to some extent, methods with a higher degree of freedom, such as the
free description type of the self-report questionnaire, become equally valid as students age.
Our findings represent one possible way question formats can change the way of capturing
actual strategy use well. Further examination is needed in future studies.

The result that the predictability of actual strategy use differed depending on the question
format in the self-report questionnaire may reflect differences in the difficulty of remember-
ing one’s own experience depending on the form of recall or recognition. When remember-
ing something, it has been shown that performance on the recognition task is generally
better than that of the recall task (Postman et al., 1975). In other words, when comparing the
multiple-choice and Likert questions, presented as option items describing specific strate-
gies as in the recognition task, and the free description question, presented to remember and
freely write down individuals’ experiences regarding strategy use, such as the recall task,
it is possible that recognizing one’s experience is easier even for younger children because
the options in the questionnaire may work as a remembrance cue. In addition, although both
the multiple-choice and Likert scales present items indicating specific strategies, the Likert
type, which asks participants to rate the frequency of each strategy use separately (i.e., simi-
lar to the yes/no recollection task), can provide a more detailed step-by-step remembering
of the children’s experience of strategy use than the multiple-choice type, which asks them
to select an appropriate item from a list of candidate items (like the batch test). This may
be why the Likert response in fourth graders was only able to predict strategy use behavior.

Previous studies have repeatedly suggested that offline ratings using a Likert scale to
ask for the frequency of strategy use do not adequately reflect actual strategy use behavior
(e.g., Jacobse & Harskamp, 2012). Nevertheless, there was a certain degree of correlation
between the Likert scale and actual behavior in this study. This may have been influenced by
our target strategy for asking about the frequency of use, that is, the strategy of diagram use.
This strategy involved an overt action of whether to write a diagram or not. Therefore, it was
easy for elementary school children to judge whether they usually used the diagram strategy,
and there could be a positive association between actual behavior and self-reporting.

Furthermore, our results also indicated the possibility that a combination of several ques-
tion formats provides a more effective and valid measurement of strategy use. This study’s
exploratory analysis showed the unique contribution of each question format to the predic-
tion of actual strategy use. Most previous studies measuring learners’ strategy use using
self-report questionnaires tended to evaluate it only through the Likert format (e.g., Braten
& Olaussen, 1998; Cano, 2006; Duncan & McKeachie, 2005; Magno, 2011; Pintrich et al.,
1993; Sungur, 2007; Weinstein et al., 1988); however, it is possible that a combination of
free description measures, in addition to the Likert scale, provided a more valid measure, at
least for sixth graders and above. However, since our results were obtained from an explor-
atory analysis of a limited sample, further investigation is needed.
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Study limitations and future directions

While we showed that actual strategy use behavior could be predicted by self-report offline
measures in elementary school children through adaptation of the question format to the
grade level, several limitations remain. First, this study targeted only one learning strategy.
In this study, the relationship between actual strategy use and self-report was examined only
for the diagram use strategy. Learning strategies do not always involve externally observ-
able behaviors. If we examine the relationship between online and offline measures for
learning strategies such as elaboration, which does not involve explicit behavior, we can
confirm whether the self-report questionnaire with an appropriately chosen format can truly
predict actual strategy use even in fourth graders, as in the present study.

The second limitation was the instability of the multiple-choice question. It has been
suggested that when participants are asked to choose among several options, the target’s
choice behavior is influenced by the repertoire of options other than the target (known as a
decoy effect, e.g., Wedell & Pettibone, 1996). In this study, the contents of the options were
decided through a consensus of the authors; however, we cannot deny a bias possibility
that made certain options more or less likely to be selected. Future studies must examine
whether the choices were appropriate and pay special attention to the bias in the ease of
selection by choice options.

Third, the age range in this survey was another limitation. We surveyed children who
had just entered grades 4—6. To examine the developmental effects in more detail, a cross-
sectional survey including younger children must be conducted.

Finally, the situational dependence of strategy use should be considered in future studies.
In this study’s questionnaire, many children responded to more than one strategy in their
free-description answer. It is natural for strategy use to vary depending on the situation,
context, and problem content at the time. Hence, it remains unclear what particular problem
or context the children imagined when they answered the questionnaire. Future research
should consider the extent of strategy use by being more specific about context and problem
content and asking about the order in which particular strategies were recalled from the
strategy repertoire.

In summary, to clarify whether or how to properly measure actual strategy use with
offline measurements, this study examined the impact of the question format of self-report
questionnaires on whether it better predicted actual strategy use. Hence, we targeted ele-
mentary school children, for whom the relationship between offline-online indicators is con-
sidered particularly low. The results showed that some question types could predict strategy
use behavior to a certain degree and that the appropriate question types varied depending on
the grade level. Future studies must set up an appropriate question format according to the
age of the respondents when measuring strategy use with self-report questionnaires.

Additional information
Current themes of research

Tatsushi Fukaya: (1) Developing effective interventions to enhance students’ metacogni-
tion and use of learning strategies, (2) Developing teacher training methods to promote the
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acquistion of their professional knowledge. Shiho Kashihara: Memory distortion, agency,
metacognition, and the neural basis of such human cognition.
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