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Analogical thinking modifiability
and math processing strategy

David Tzuriel'?*

Talpiot Academic College, Graduate Program of Learning Disabilities, Holon, Israel, 2Faculty of
Education, Bar-llan University, Ramat Gan, Israel

A sample of 48 children in Grade 2 was randomly assigned to an experimental (n
= 24) and a control group (n = 24). Both groups were administered the Analogical
Modifiability Puzzle Test (AMPT) and Math Accuracy and Processing Strategy
(MAPS) test before and after a teaching phase of the AMPT. The MAPS test
includes scores for Accuracy, Processing Strategy, and a Math-Total. The findings
reveal significant treatment x time interactions for AMPT (near-transfer) and
MAPS (far-transfer) scores. Hierarchical regression analysis showed that AMPT
post-teaching score added significantly to Math Total. The findings indicate
that Math Accuracy and Math Processing Strategies are affected by mediation
for analogical thinking and that modifiability of analogical thinking significantly
predicts Math-Total.
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Introduction

Analogical thinking is a fundamental cognitive operation that plays a role in executing
many academic and daily life skills (Gentner et al, 2003), especially skills related to
STEM domains (Alexander, 2017). Analogical thinking is a cognitive operation that helps
individuals to represent information and objects as the structures of relationships. These
structures can be compared and united in innovative ways depending on the contextual
objectives (e.g., Gentner et al., 2003; Holyoak, 2004). Learning by analogy involves flexible
conceptual learning and problem-solving (Goswami, 1992), especially in mathematics
(Gelman, 2000). It was reported, for example, that, when US high-school students engage
in solving math problems, they are found to be retrieving procedures rather than perceiving
the relationship and similarities between concepts and strategies. In other words, their
processing strategies for solving math problems lack analogical thinking (Stigler et al., 2010;
Givvin et al., 2011).

Analogical thinking was reported to be central to mathematical learning and thinking
(e.g., Richland and McDonough, 2010; Vamvakoussi and Vosniadou, 2012; Vamvakoussi,
2017, 2019; Zhao et al., 2021). Most studies on the use of analogy in math education refer
to within-domain (i.e., mathematics) transfer of concepts such as the complex relation
between geometry and arithmetic (Dantzig, 2005). The objectives of this study were (a)
to examine the transfer of analogical thinking in a figural modality of a cognitive non-
mathematical domain to math performance and math processing strategies and (b) to find
the prediction of improvement in math performance by analogical thinking modifiability.
The transfer is examined after a short-term teaching of figural analogies within a dynamic
assessment (DA) procedure (Tzuriel and George, 2009; Tzuriel and Shamir, 20105 Tzuriel,
2021a). It should be noted that the teaching of figural analogies involves, in addition
to transformative rules of analogical thinking, mediation of executive functions such as
control of impulsivity, systematic exploratory behavior, and working memory (Feuerstein
et al., 2002; Baddeley, 2012).
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Analogical thinking and mathematical skills

Analogical thinking and math achievements have been found
to be intimately related both at theoretical and practical levels (e.g.,
Bassok and Holyoak, 1989; Goswami, 1992; Gelman, 2000; Resing,
2000; English, 2004; Richland and Simms, 2015). Learning by
analogy enables the use of common concepts and strategies between
mathematical representations and enhances the understanding
of new mathematical constructs and synchronization between
mathematical components (Gelman, 2000; Gonzales et al., 2001;
National Mathematics Advisory Panel, 2008). Using analogies in
a learning process involves finding a systematic correspondence
or “mapping” two domains: an acquainted source analog and
a novel target, which is concrete or abstract (Sternberg and
Nigro, 1980). For example, in mathematics, the acquainted
source could refer to solving inequalities, and the projected
novel target is solving equations (Gick and Holyoak, 1987).
Many researchers agree that mathematical reasoning involves
projecting (transfer) the abstract mathematical relations (e.g.,
proportion, equality, integral) into different contexts (e.g., Gelman,
2000; Gentner et al, 2003). Several researchers suggest the
concepts of conceptual metaphors (e.g., Nunez and Lakoff,
2005), schema construction (Gick and Holyoak, 1983), and
bridging analogies (e.g., Clement, 1993, 2013) to refer to cross-
domain mappings (i.e., transfer concept from one domain
to another).

In one of the intriguing cross-cultural studies, Richland
et al. (2007) compared the effects of the use of analogies in
math teaching among teachers in the United States, Hong Kong
(HK) and Japan. The reasons for the comparison were based
on two main earlier findings: (a) students in HK and Japan
consistently outperformed students from the United States on the
Trends in International Mathematics and Science Study (TIMSS)
international achievement tests (e.g., Mullis et al., 2004) and (b)
different classroom instructional practices were observed between
the teachers of the USA and two Asian countries. The goal of
Richland et al’s (2007) study was to ascertain what cognitive
and memory factors may explain why US students achieve lower
scores in international math tests. The findings indicated that the
US teachers provide the same number of analogies as the Asian
teachers; however, they provide much less cognitive processing
support that facilitates relational learning. For example, Asian
teachers used far more gestures and more than twice as many
prompts of mental and visual imagery (in HK) and spatial
supports for comparison (in HK and Japan) than US teachers. The
authors interpreted these findings by attributing diverse cultural
orientations to analogical reasoning. Teachers in Japan and HK are
found to be more attentive to processing demands using analogical
reasoning than US teachers. The processing demands include
memory search to understand the analogy source, accessibility to
a visual image that supports working memory (WM) during the
construction of the analogy, and reliance on cues that guide the
analogy process.

Richland and McDonough (2010) showed that reducing
the processing load during instructional analogies facilitated
learning and relational reasoning. These authors showed, in a
sample of undergraduate students, that supporting comparative
reasoning with cues facilitated the students’ ability to discriminate
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between relevant analogs at a test given later. Similarly, Rittle-
Johnson and Star (2007) compared two teaching strategies:
simultaneous visual-spatial representations of analogs (ie.,
problems solved in two ways were presented simultaneously
and an explicit requirement to compare them) and solutions
presented sequentially one after another. The authors reported that
simultaneous representation enhanced the students’ procedural
and conceptual understanding and that their retention of the
procedures, were better transferred to novel analogy problems.

The dynamic assessment of cognitive
modifiability

The term dynamic assessment (DA) is defined as “an
assessment of thinking, perception, learning, and problem-solving
by an active teaching process aimed at modifying cognitive
function” (Tzuriel, 20212, p. 69). The main goal of DA is to assess
the cognitive modifiability and learning potential using mediated
learning strategies. Cognitive modifiability affords an indication
of learning potential. However, the learning potential may be
actualized depending on the provision of appropriate intervention
aimed at the actualization of the individual’s abilities (Tzuriel, 2001,
2002, 2021a,b; Feuerstein et al., 2002). The idea upon which DA
is based is that measures of cognitive modifiability are intimately
related to mediational processes by which the child learns how to
process information far more than they are to the standardized
measures of intelligence. In other words, the strategies of mediation
used within the DA procedure are similar much more to the
learning processes in an academic domain and other life situations
compared to standardized testing methods and, therefore, provide
better indications about future changes in cognitive structures.

In a previous study with the Analogical Thinking Modifiability
Test (AMPT, Tzuriel, 2022), the goals were (a) to investigate
whether mediation with Construction analogies is more powerful
than mediation with Closed analogies to improve analogical
thinking. In Construction analogies, the child must construct the
answer using tactile colored puzzle-like parts and a plate with four
(2 x 2) “windows” in which the puzzle-like design is created. The
solution is done in a sequential process that does not require the
activation of WM. In the Closed analogies version, the child is
presented with three parts of the analogy (A:B:C:__) and is asked
to choose the correct answer from six designs presented at the
bottom of the page. (b) The second goal was to assess whether
the mediation of solving analogies improves spatial WM, as
measured by the Children’s Spatial Working Memory test (CSWM,
Tzuriel, 2021c). More specifically, the question was which type
of mediation—mediation of Construction or mediation of Closed
analogies—transfers better to mathematics? (c) The last goal was
to explore the correlation between analogical thinking and WM.
The findings indicated clearly that mediation with Construction
analogies was more effective in enhancing analogical thinking
than mediation with Closed analogies and that both groups
improved their spatial WM. The reason for the superiority of
Construction analogies is that the format of Construction analogies
contains imminent characteristics of self-regulation and systematic
sequential and progressive activity, which reduce cognitive load and
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WM requirements. In Closed analogies, on the other hand, the
examinee is required to maintain the solution in his/her memory
sketchpad (Baddeley, 2012) during the search for the correct answer
and sorting out distractors. The explanation was further supported
by the differential correlation between AMPT performance time
and CSWM. The correlations found for Construction analogies
were 0.14 and 0.22 (p > 0.05), for pre-teaching and post-teaching,
respectively. The correlations for Closed analogies were 0.47
and 0.47 (p < 0.001), for pre- and post-teaching, respectively.
It seems that, in Closed analogies, a longer performance time
helps individuals to cope with the task’s requirement for WM.
In contrast, Construction analogies do not require the activation
of WM and hence its low correlation with spatial WM. The
findings of the previous study raised the question of whether the
improvement in analogical thinking was caused by the mediation
strategies per se or the mere exposure and practice of the analogy
problems. This question is explored further in the current study
by contrasting a group that received the mediation of analogical
thinking with a group that practiced the same teaching items
without mediation. I chose to focus on Closed analogies, which are
found to be more related to WM than to Construction analogies.
Furthermore, in the current study, the focus was extended to
include the far-transfer effects of mediation of analogical thinking
on math performance and math processing strategies conceived to
be related to the executive functions of WM (e.g., Richland et al,,
2007).

In the current study, the measurement/research version of
DA was applied (Tzuriel, 1997, 2001, 2020, 2021a). This version
includes the preliminary, pre-teaching, teaching, and post-teaching
phases; the last three phases consist of parallel items. In the
preliminary phase, the child is acquainted with the dimensions
of the tasks and cognitive strategies to solve the problems (e.g.,
referring to task dimensions). The focus of the teaching phase
is on processing the analogical rules of transformation, efficient
strategies (e.g., use of one dimension at a time), applying verbal
anticipation of a solution, and making efficient use of executive
functions such as self-regulation and WM. Cognitive modifiability
is measured quantitatively and is indicated by the pre- to post-
teaching improvement. Previous DA findings revealed that children
in kindergarten and first years of primary school could solve
complex analogies after a teaching phase than what might have
been expected developmentally of children their age (Tzuriel and
Klein, 1985; Tzuriel, 2000, 2001, 2020, 2021a). Children in Grade 2
were randomly assigned to the experimental (EX) and control (CN)
groups. Both groups received the AMPT and the Math Accuracy
and Processing Strategy (MAPS) Test (see Measures). Children
in the EX group received a teaching phase of analogies using
mediation strategies by trained experimenters. Children in the CN
group solved the same analogies without teaching. Both groups
were evaluated again after the intervention with the AMPT and
MAPS test.

Hypotheses

1. Children in the EX group who received the mediation of
analogical thinking will demonstrate higher improvement on
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AMPT analogies from pre- to post-teaching than children in
the CN group.

2. Children in the EX group who received the mediation of
analogical thinking will demonstrate higher improvement in
the MAPS test than children in the CN group.

modifiability  of

significantly predict the modifiability in MAPS scores.

3. Cognitive analogical thinking will

Method

Participants

The participants were 48 children (25 boys and 23 girls)
in Grade 2 who were randomly selected from six classes from
six different schools in the central region of Israel. Students
with learning problems (e.g., learning disability, attention-deficit
hyperactivity disorder, autism spectrum disorder) were excluded
from the sample. The children were randomly assigned to the EX
(n =24) and CN (n= 24) groups. The mean age of children in the
EX group was 87.96 months (SD = 2.90) and in the CN group was
89.33 months (SD = 3.17). Both groups were similar on variables
of age, t46 = —1.56 2, p > 0.05, gender distribution, xz = 0.08
p > 0.05, occupation level of fathers, x> = 0.22 p > 0.05, and
of mothers x> = 0.93 p > 0.05 (on a 1-5 scale). The trainers
were graduate students in a Learning Disabilities Program of a
college for teachers with 4-15 years of teaching experience. All
trainers received 8 h of training prior to the administration of tests
and mediation strategies. The training included proficiency in test
administration, specific mediation strategies of the analogies in the
teaching phase, practice of administration with two children prior
to the start of the study, and accurate recording and scoring.

Measures

The analogical modifiability puzzle test

The AMPT (Tzuriel, 2021a,b, 2022) is a DA measure of
cognitive modifiability in the domain of analogical thinking. The
AMPT contains three parallel sets of problems, each containing 12
items. The AMPT can be administered either in the Construction
analogies or Closed analogies version (Tzuricl, 2022). In the current
study, the Closed analogies version was applied. Before the start
of the test, children are presented with two introductory problems
aimed at familiarizing the children with the dimensions of AMPT
(i.e., color, shape of puzzle parts) and the rules of problem-
solving. The items are arranged progressively from easy to difficult
problems. In the Closed analogies version, which is used in the
current study, the child is presented at the top of the page with three
sections of the analogy (see Figure 1), and the child must choose the
fourth section, from six answers, of which five are distractors. To
solve the problem and complete the puzzle, the child must consider
the changes from the left to the right section and from the top to the
bottom section. The correct solution requires considering changes
in the color and position of the panels and shapes from left to right
and from top to bottom.

In Figure 1, the colors of the background panels change from
left to right (white and blue to blue and white). The hearts on
the left sections that are empty are filled up with red hearts on
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Problem 2 Post-Teaching
FIGURE 1
Example of an easy item from the Analogical Modifiability Puzzle Test (AMPT) (by permission of the author).

the right, and the empty triangles on the top are filled up with
red triangles on the bottom. The correct solution is number 3
(blue and white panels and red hearts and triangles). Cronbach’s
alpha reliability coeflicients for the pre- and post-teaching phases
of the AMPT based on a sample of kindergarten children (n = 96)
were0.94 and 0.95, respectively (Tzuriel, 2022). Cronbach’s alpha
coefficients for the Pre- and Post-Teaching phases in the current
sample were 0.94 and 0.73, respectively. Previous findings showed
that a short-term intervention within a DA procedure using the
AMPT improved spatial working memory (SWM) and that the

Frontiersin Psychology

improvement in SWM was even more powerful (n,> = 61) than
the effect on analogical thinking (n,> = 0.40) per se, which was the
targeted mediation activity (Tzuriel, 2022).

Math accuracy and processing strategy test
(MAPS)

The MAPS test (Tzuriel, 2024), designed specifically for the
current study, is aimed at the examination of both performance
accuracy and processing strategy. In each item, the children are
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TABLE 1 Examples of problems from the Math Accuracy and Processing Strategy (MAPS) Test.

Item # Problem Solution = Processing strategy: explain
how you solved the problem?
3 Here is a math problem with a solution: 19 4 34 = 53. Please use this
solution to solve the following problem without using a computation 29 +
24 =
5 You are asked to count from 2 to 32 skipping 2 each time. Will the number

87 appear later in the series?

7 In how much the sum of 64 4 8 is smaller than 64 4 28?

that the sum of all three ages is 60?

10 Ron is 35 years old, and Dan is 16 years old. How old is Tammy if we know

presented a math problem and asked to solve it and to write how
they solved the problem (processing strategy). The test is composed
of 10 items and is aimed at children in the second grade. In each
item, the child is asked first to solve a mathematical problem
and then to explain the strategy used to reach a solution. The
explanation was aimed at verifying that the answer is based on
a strategy and not on a technical performance. Separate scores
are given to accurate answers and to explanations revealing an
efficient strategy. A separate score of 1 was given in each item to an
accurate answer and to an efficient processing strategy. Examples of
problems are shown in Table 1. The Cronbach’s alpha coefficients
based on the current sample, for pre- and post-intervention,
respectively, were Math Accuracy, 0.82 and 0.77; Math Processing
Strategy, 0.84 and 0.83; Math Total, 0.77 and 0.77.

Procedure

All children were administered the AMPT individually using
the measurement/research format and the MAPS test before
and after the intervention phase. Children in the EX group
received the mediation with 12 analogy teaching items for 1h.
Mediation was focused on the systematic exploration of task
dimensions, the deletion of impossible alternatives, the delay
of rapid answer and inhibition of behavior, the comparison of
the different options, and the verbal anticipation of the answer.
Children in the CN group practiced the teaching items with
no mediation for the same amount of time. The test was
administered in a quiet room in the school during regular
school time. The pre-intervention phase was administered to
all participants for 1h followed by the intervention and post-
intervention phases that were given between 1 and 5 days later;
both tests were administered on the same day with a small break
of 10 min in-between.

Results

The effects of teaching analogies on
analogical thinking and mathematics
performance

Table 2 presents the means and standard deviations of the
study’s variables. To examine the effect of teaching on analogical
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TABLE 2 Means and standard deviations of pre- and post-teaching scores
of AMPT, math accuracy, math processing strategy, and math total in the
EX and CN groups.

‘ Test Phase Group M SD ‘

AMPT Pre- EX 4.63 2.65
CN 5.25 2.45

Post- EX 7.04 2.35

CN 542 3.17

Math accuracy Pre- EX 6.50 2.95
CN 6.38 2.90

Post- EX 7.79 2.11

CN 6.54 2.62

Math processing strategy Pre- EX 5.96 3.04
CN 5.63 3.05

Post- EX 7.50 2.15

CN 6.29 3.20

Math total Pre- EX 1246 | 3.87
CN 12.00 4.54

Post- EX 15.29 3.01

CN 12.83 4.55

thinking modifiability (near transfer), a repeated measures ANOVA
of Treatment x Time (2 x 2) for the AMPT scores was conducted.
Similarly, repeated measures ANOVAs for the variables (far-
transfer) of math were conducted. The ANOVA findings for
the AMPT are shown in Table 3 and the ANOVA findings for
the math variables are shown in Table 4. Finally, we examined
the prediction of Math-Total scores by analogical modifiability
using the hierarchical regression procedure. The findings (Tables 3,
4) reveal significant Treatment x Time interactions for all the
dependent variables. The interactions are portrayed in Figures 2—
5. A summary of the simple effects analyses of the interactions is
shown in Table 5.

Treatment x time interaction on AMPT scores
The significant Treatment x Time interaction (Figure 2)
revealed that children in the EX group improved their scores from
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pre- to post-teaching more than children in the CN group. Simple
effects analyses (Table 5) revealed no significant group differences
in the pre-teaching phase. However, in the post-teaching phase,
children in the EX group outperformed children in the CN group.
Within-group analyses revealed a significant improvement from
pre- to post-teaching only in the EX group.

Treatment x time interaction on math accuracy
scores

The significant interaction of Treatment x Time (Figure 3)
indicates that children in the EX group showed higher pre- to
post-teaching improvement than children in the CN group. Simple
effects analyses (Table 5) revealed no significant group differences
in the pre- and post-teaching phases. However, within-group
analyses showed that only the EX group showed significant pre- to
post-teaching improvement.

Treatment x time interaction on math processing
strategy scores

The significant interaction of Treatment x Time (Figure 4)
indicates that children in the EX group showed higher pre- to
post-teaching improvement than children in the CN group. The
simple effects of between-group analyses (Table 5) revealed no
significant group differences in either pre- or post-teaching phases.
Within-group analyses showed significant pre- to post-teaching
improvement in both the EX and CN groups, though the slope of
change was steeper in the EX group.

TABLE 3 Repeated measures ANOVA's of AMPT scores by treatment and
time.

Source of variation df MS F Np” ‘
Treatment (A) 1 6.00 0.53 0.01
Error 46 11.29

Time (B) 1 | 4004 | 1320%* | 022
AxB 1 30.38 10.01** 0.18
Error 46 3.03

*p < 0.01; **p < 0.001.

10.3389/fpsyg.2024.1339591

Treatment x time interaction on math total scores

As can be seen in Figure5, children in the EX group
demonstrated higher pre- to post-teaching improvement than
children in the CN group. Simple effects between-group analyses
(Table 5) revealed no significant group differences in the pre-
teaching phase, but in the post-teaching phase, children in the EX
group outperformed children in the CN group. Simple effects of
within-group analyses showed that both groups revealed pre- to
post-teaching improvement, though the EX group demonstrated a
much higher improvement.

Hierarchical regression analysis: prediction
of post-teaching MAPS-total by AMPT
scores

An intriguing objective of the current study was to
assess whether analogical thinking modifiability predicts the
modifiability of math performance. According to Hypothesis 3, the
modifiability of Total-Math will be predicted by analogical thinking
modifiability. In other words, the hypothesis is that a short-term

8.00
—@— Experimental
7.00 4 =X- Control 7.04
@
s
(}3 6.00 -
=
-
=
<
5.00 -
4.00 T
Pre Post
FIGURE 2
Interaction of treatment x time on AMPT scores.

TABLE 4 Repeated measures ANOVAs of math variables: math accuracy, math processing strategy, and math total by treatment and time.

Math accuracy Math processing strategy Math total
Source of df MS F np” MS F np’ MS
variation
Treatment (A) 1 36.26 4.88" 0.10 14.26 0.91 0.02 51.04 1.66 0.04
Error 46 7.44 15.61 30.78
Time (B) 1 12.76 24317 0.35 29.26 27.11%% 0.37 80.67 42.98*** 0.48
AxB 1 7.59 14,474+ 0.24 4.59 4.26* 0.09 24.00 12.79%%* 0.22
Error 46 0.53 1.08 1.88
*p < 0.05; ***p < 0.001.
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Interaction of treatment x time on math processing strategy scores.

intervention of analogical thinking within a DA procedure will
affect not only analogical thinking but will be transferred to math
thinking. This hypothesis was evaluated by a three-step hierarchical
regression analysis where the predicted variable (criterion) was
post-intervention MAPS-Total. In Step 1, the variable of age (in
months) was introduced. In Step 2, the variables of pre-teaching
variables of MAPS-Total and AMPT were introduced, and in Step
3, the post-teaching variables of MAPS-Total and AMPT were
introduced. The modifiability of MAPS-Total score was indicated
by the post-teaching score after statistically “washing out” the
variance contributed by the MAPS-Total pre-teaching score.
Similarly, the modifiability of AMPT score was demonstrated by
the post-teaching AMPT score after statistically “washing out” for
the variance contributed by the AMPT pre-teaching score. The
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TABLE 5 Simple effects analyses of treatment x time interactions of
AMPT, math accuracy, math processing strategy, and math total variables.

Between group Within groups

Phase of tue Group t (o3
testing
AMPT Pre- 0.85 EX 5.86™"*
Post- 2.02* CN 0.29
Math accuracy Pre- 0.15 EX 5.13%
Post- 1.82 CN 1.07
Math processing strategy | Pre- 0.38 EX 4.05%
Post- 1.54 CN 3.56**
Math total Pre- 0.38 EX 5.85™*
Post- 2.21% CN 2.97%*

*p < 0.05, **p < 0.01, **p < 0.001.

results, as shown in Table 6, indicate that Age was not a significant
predictor of the post-intervention math performance. The variance
of Age was negligible, F(; 46 = 0.01, p < 0.92, and R? = 0.00.
In Step 2, however, as expected, the pre-intervention math score
was a significant predictor of the post-intervention math score (p
= 0.86). The pre-intervention AMPT score was not found as a
significant predictor (B = 0.04). The significant prediction of Step
2 added 75% to the prediction of Math-Total score, F(3 44y = 45.63,
p < 0.0001, AR? = 0.75, p < 0.0001.

In Step 3, after controlling for the variance of the pre-
intervention variables, the post-intervention AMPT variable has
emerged as a significant predictor (B = 0.24) of post-teaching
MAPS-Total (criterion variable), thus confirming Hypothesis 3.
The overall prediction of post-intervention MAPS score was
significant, F(443) = 41.46, p < 0001, R = 0.79. The AMPT
post-intervention score, as an indicator of analogical modifiability,
added significantly to the prediction of post-intervention Math-
Total, AR?> = 0.04 p < 0.008.
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TABLE 6 Hierarchical regression analyses of post-teaching math-total
score by pre- and post-intervention AMPT scores.

Step Predicting B t p
variables
1 Age 0.01 0.11 0.92
R?* =0.00, AR? =
0.00
F(1145) =001, p=
0.92
2 Age —0.12 —0.1.57 0.12
Pre-AMTP 0.04 0.53 0.60
Pre-math-total 0.86 10.42 0.0001
R*=0.75, AR* =
0.75, p < 0.0001
F(3,44) = 45.63,p
< 0.0001
3 Age —0.08 —1.06 0.30
Pre-AMTP —0.06 —0.68 0.50
Pre-math-total 0.81 10.18 0.0001
Post-AMPT 0.24 2.79 0.008
R>=0.79, AR* =
0.04, p < 0.008
Fya3) = 41.46, p
< 0.0001
Discussion

The results of this study support the hypothesis that the
mediation of analogical thinking within a DA procedure will
significantly improve both analogical thinking (Hypothesis 1, near
transfer) and math performance (Hypothesis 2, far transfer).
These findings agree with the previous findings that showed
an intimate relationship between analogical thinking and math
thinking, especially with math processing strategies (Nunez and
Lakoff, 2005; Richland et al., 2007; Vamvakoussi, 2017, 2019).
However, the results of this study go beyond previous studies by
indicating that a short-term intervention in analogical thinking can
be transferred to math performance, especially to math processing
strategies. Math problem-solving has been conceptualized as a
transfer challenge requiring students to apply strategies, skills, and
knowledge to novel problems (Fuchs and Fuchs, 2005). This idea
is congruent with the schema construction theory according to
which students’ development of schemas occurs when students
group problems into types that require the same solution (e.g.,
Gick and Holyoak, 1983; Chen, 1999). It should be emphasized
that the intervention for solving the AMPT analogies was not
limited only to specific strategies of solving analogies per se but
included mediation for the control of impulsivity, considering
two or more sources of information simultaneously, activation
of WM, systematic exploratory behavior, and verbal anticipation
of a solution. There was no way of separating these cognitive
functions from the content aspects of the visual analogies of
the AMPT.

It is important to note that math processing has much in
common with analogical thinking. For example, the question of
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“In how much the sum of 64 + 8 is smaller than 64 + 2827
requires a simple analogy—if 8 is smaller than 28 in 20 and 64 is a
constant, then 64 + 8 is smaller in 20 than 64 + 28. The analogical
processing is a much more efficient way to solve the problem than
the meticulous procedure of adding up the sums, calculating each
segment, and subtracting one from the other.

The teaching of AMPT items within the DA procedure
was found in an earlier study on Grade 1 children to be
powerful in improving not only their analogical thinking but
was also transferred to significant improvement of spatial WM
(Tzuriel, 2022). The improvement in spatial working memory was
impressive, as indicated by a more powerful effect (n,*> = 0.61)
than that found on analogical thinking (n,* = 0.40), which was the
targeted domain of mediation strategies. Moreover, the correlations
of AMPT analogies (both pre- and post-teaching) with spatial WM
was.47 (p < 0.001). It should be emphasized that the contents of
the MAPS tasks as well as the spatial WM task were different from
the contents of the intervention contents, as represented by the
AMPT analogies; thus, the improvement would be attributed to the
mediation characteristics of the AMPT. Our findings might pave
the way for long-term intervention studies aimed at establishing
the effects of analogical thinking intervention on the development
of math skills. The question is, of course, to what extent is this
transfer durable, especially since the intervention was short within
a DA procedure and the well-known phenomenon of fading-out of
intervention effects (e.g., Bailey et al., 2020).

The results of the hierarchical regression analyses confirm
Hypothesis 3. The results show that the variable of post-teaching
AMPT significantly contributed to the prediction of math ability
after controlling for the variables of pre-teaching scores of
analogical thinking and math. These intriguing findings imply that
children who demonstrate analogical thinking modifiability in a
DA procedure are also those who show pre- to post-intervention
modifiability in mathematical thinking. The meaning of this
finding is that a short-term mediation within a DA procedure was
transferred to math domain enhancing both math accuracy and
math processing strategies. This conclusion, however, should be
studied further with different age groups, varying the duration of
the intervention and employing different analogy tests. It should
be emphasized that the finding of a far transfer after a short-term
intervention does not mean that the change is durable. One should
bear in mind that the intervention in the current study was within
a DA procedure, which provides an important indication for the
transfer of intervention of analogical thinking to mathematical
processing. For a durable long-lasting effect of the intervention,
a more comprehensive intervention and a follow-up assessment
should be performed. The finding of a far-transfer of analogical
thinking to math processing strategies is of special importance
for teaching math to students who experience difficulties in
processing math problems. Teaching analogical problem-solving
might facilitate math processing even more than the direct teaching
of math.

Limitations

The study has several limitations. First, the study was
conducted on a limited sample of 48 Grade 2 students. Despite the
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impressive findings of far-transfer effects from analogical thinking
training to math performance, more research involving bigger
samples is required. Second, the MAPS test is composed of only
10 items, which limits the validity of findings. Although there is
a separate score for accuracy and for processing strategy (a total
of 20) for each item, a much larger scale with more items would
help to establish the findings. In fact, in a further unpublished study
(Tzuriel, 2024), steps were made to enlarge the number of items in
MAPS. The third limitation is related to the lack of recording of
the specific mediation strategies used in the intervention phase of
the analogies. The assumption is that all examiners use the same
mediation strategies. A higher resolution of the specific strategies
used and their effect on the transfer to math domain would facilitate
not only theoretical construction but also practical implications
for teachers.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The study involving human participants was reviewed and
approved by the Ethical Committee of Talpiot Academic College.
The study was conducted in accordance with the local legislation
and institutional requirements. Written informed consent to
participate in this study was provided by the parents of children
prior to start of data gathering and based on Israel Ministry of
Education requirements.

References

Alexander, A. (2017). Relational reasoning in STEM domains: a foundation for
academic development. Educ. Psychol. Rev. 29, 1-10. doi: 10.1007/s10648-016-9383-1

Baddeley, A. D. (2012). Working memory: theories, models, and controversies.
Annu. Rev. Psychol. 63, 1-29. doi: 10.1146/annurev-psych-120710-100422

Bailey, H., Duncan, C. J., Cunha, F,, Foorman, B. R, and Yeager, S. (2020).
Persistence and fade-out of educational intervention effects: mechanisms and
potential solutions. Psychol. Sci. Public Int. 21, 55-97. doi: 10.1177/15291006209
15848

Bassok, M., and Holyoak, K. J. (1989). Interdomain transfer between isomorphic
topics in algebra and physics. J. Exp. Psychol. Learn. Mem. Cognit. 15, 153-166.
doi: 10.1037//0278-7393.15.1.153

Chen, Z. (1999). Schema induction in children’s analogical problem-solving. J. Educ.
Psychol. 91, 703-715. doi: 10.1037/0022-0663.91.4.703

Clement, J. (1993). Using bridging analogies and anchoring intuitions to
deal with students’ preconceptions in physics. J. Res. Sci. Teach. 30, 1241-1257.
doi: 10.1002/tea.3660301007

Clement, J. (2013). “Roles for explanatory models and analogies in conceptual
change,” in International Handbook of Research on Conceptual Change, 2nd Edn, ed
S. Vosniadou (Abingdon-on-Thames, Oxfordshire: Routledge), 412-446.

Dantzig, T. (2005). Number: The Language of Science, 4th Edn. London: Pi Press.

English, L. D. (2004). “Mathematical and analogical reasoning in early childhood,”
in Mathematical and Analogical Reasoning of Young Learners, ed L. D. English
(Abingdon-on-Thames, Oxfordshire: Routledge), 13-34.

Feuerstein, R., Feuerstein, R. S., Falik, L. H., and Rand, Y. (2002). The Dynamic
Assessment of Cognitive Modifiability: The Learning Propensity Assessment Device.
Jerusalem: ICELP Press.

Frontiersin Psychology

10.3389/fpsyg.2024.1339591

Author contributions

DT: Conceptualization, Data curation, Formal analysis,
Methodology,
administration, Resources, Software, Supervision, Validation,

Funding acquisition, Investigation, Project

Visualization, Writing—original draft, Writing—review & editing.

Funding

The author declares that financial support for this publication
was received from Bar-Ilan University and Talpiot Academic
College.

Conflict of interest

The author declares that the research was conducted
in the absence of any commercial or financial relationships
that could be
of interest.

construed as a potential  conflict

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of
their those of the publisher,
the editors and the reviewers. Any product that may be

affiliated organizations, or

evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

Fuchs, L., and Fuchs, D. (2005). Enhancing mathematical problem solving for
students with disabilities. J. Spec. Educ. 39, 45-57. doi: 10.1177/00224669050390010501

Gelman, R. (2000). The epigenesis of mathematical thinking. J. Appl. Dev. Psychol.
21, 27-37. doi: 10.1016/S0193-3973(99)00048-9

Gentner, D., Loewenstein, ], and Thompson, L. (2003). Learning and
transfer: a general role for analogical encoding. J. Educ. Psychol. 95, 393-408.
doi: 10.1037/0022-0663.95.2.393

Gick, M. L, and Holyoak, K. J. (1983). Schema induction and
analogical transfer. Cogn. Psychol. 15, 1-38. doi: 10.1016/0010-0285(83)90
002-6

Gick, M. L., and Holyoak, K. J. (1987). “The cognitive basis of knowledge transfer,”
in Transfer of Learning: Contemporary Research and Application, eds S. M. Cormier,
and J. D. Hagman (Cambridge, MA: Academic Press), 9-45.

Givvin, K. B,, Stigler, ]. W., and Thompson, B. J. (2011). What community college
developmental mathematics students understand about mathematics. Part II: the
interviews. MathAMATYC Educ. 2, 4-18.

Gonzales, P., Calsyn, C., Jocelyn, L. J., Mak, K., Kastberg, A.rafeh, S., Williams,
T., et al. (2001). Pursuing Excellence: Comparisons of International Eighth-Grade
Mathematics and Science Achievement from a U.S. Perspective, 1995-1999. Initial
Findings from the Third International Mathematics and Science Study-Repeat. Statistical
Analysis Report. Washington, DC: National Center for Education Statistics, US
Department of Education.

Goswami, U. (1992). Analogical Reasoning in Children. Mahwah, NJ: Erlbaum.

Holyoak, K. J. (2004). “Analogy,” in The Cambridge Handbook of Thinking and
Reasoning, eds K. J. Holayoak, and R. J. Forrison (Cambridge: Cambridge University
Press), 117-142.

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1339591
https://doi.org/10.1007/s10648-016-9383-1
https://doi.org/10.1146/annurev-psych-120710-100422
https://doi.org/10.1177/1529100620915848
https://doi.org/10.1037//0278-7393.15.1.153
https://doi.org/10.1037/0022-0663.91.4.703
https://doi.org/10.1002/tea.3660301007
https://doi.org/10.1177/00224669050390010501
https://doi.org/10.1016/S0193-3973(99)00048-9
https://doi.org/10.1037/0022-0663.95.2.393
https://doi.org/10.1016/0010-0285(83)90002-6
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Tzuriel

Mullis, I. V. S., Martin, M. O., Gonzales, E. J., and Chrostowski, S. J. (2004). TIMSS
2003 International Mathematics Report: Findings From IEAs Trends in International
Mathematics and Science Study at the Fourth and Eighth Grades. Washington, DC:
TIMSS and PIRLS International Study Center.

National Mathematics Advisory Panel (2008). Foundations for Success: The Final
Report of the National Mathematics Advisory Panel. Washington, DC: U.S. Department
of Education.

Nuiez, R, and Lakoff, G. (2005). “The cognitive foundations of mathematics: the
role of conceptual metaphor,” in Handbook of Mathematical Cognition, ed J. I. D.
Campbell (Hove, East Sussex: Psychology Press), 109-124.

Resing, W. C. M. (2000). “Assessing the learning potential for inductive reasoning
(LIR) in young children,” in Dynamic Assessment: Prevailing Models and Applications,
eds C. S. Lidz, and J. G. Elliott (JAI/Elsevier Science), 229-262.

Richland, E. A, and Simms, N. (2015). Analogy, higher order thinking, and
education, WIREs Cogn. Sci. 6, 177-192. doi: 10.1002/wcs.1336

Richland, L. E., and McDonough, I. M. (2010). Learning by analogy:
discriminating between potential analogs. Contemp. Educ. Psychol. 35, 28-43.
doi: 10.1016/j.cedpsych.2009.09.001

Richland, L. E., Zur, O., and Holyoak, K. J. (2007). Cognitive supports analogies in
the mathematics classroom. Science 316, 1128-1129. doi: 10.1126/science.1142103

Rittle-Johnson, B., and Star, J. R. (2007). Does comparing solution methods facilitate
conceptual and procedural knowledge? An experimental study on learning to solve
equations. J. Educ. Psychol. 99, 561-574. doi: 10.1037/0022-0663.99.3.561

Sternberg, R. J., and Nigro, G. (1980). Developmental patterns in the solution of
verbal analogies. Child Dev. 51, 27-38. doi: 10.2307/1129586

Stigler, J. W., Givvin, K. B., and Thompson, B. (2010). What community college
developmental mathematics students understand about mathematics. MathAMATYC
Educ. 10, 4-16.

Tzuriel, D. (1997). A novel dynamic assessment approach for young children: major
dimensions and current research. Educ. Child Psychol. 14, 83-108.

Tzuriel, D. (2000). Dynamic assessment of young children: educational and
intervention perspectives. Educ. Psychol. Rev. 12, 385-435.

Tzuriel, D. (2001). Dynamic Assessment of Young Children. New York, NY: Kluwer
Academic/Plenum Press.

Tzuriel, D. (2002). “Dynamic assessment of learning potential,” in Encyclopedia of
Education, 2nd edn. (McMillan Press), 127-131.

Frontiersin

10

10.3389/fpsyg.2024.1339591

Tzuriel, D. (2020). “Dynamic cognitive assessment for preschool age children,” in
Oxford Research Encyclopedia of Education, ed L. F. Zhang (Oxford University Press).
doi: 10.1093/acrefore/9780190264093.013.942

Tzuriel, D. (2021a). Mediated Learning Experience and Cognitive Modifiability.
Springer Nature.

Tzuriel, D. (2021b). Analogical Modifiability Puzzle Test-Instruction Manual. Bar-
Ilan University.

Tzuriel, D. (2021c). The Childrens’ Spatial Working Memory (CSWM) test.
Instruction Manual. Faculty of Education, Bar-Ilan University, Israel.

Tzuriel, D. (2022). Construction versus closed analogies: Effects of mediation
and relation to working memory. Formazione Insegnamento. 20, 34-49.
doi: 10.7346/-feis-XX-02-22_04

Tzuriel, D. (2024). Math Accuracy and Processing Strategy (Maps) Test (Unpublished
Test). Talpiot Academic College, Israel.

Tzuriel, D., and George, T. (2009). Improvement of analogical reasoning and
academic achievement by the Analogical Reasoning Programme (ARP). Educ. Child
Psychol. 26, 71-94. doi: 10.53841/bpsecp.2009.26.3.71

Tzuriel, D., and Klein, P. S. (1985). Analogical thinking modifiability
in  disadvantaged, regular, special education, and mentally retarded
children. J. Abnorm. Child Psychol. 13, 539-552. doi: 10.1007/BF009
23140

Tzuriel, D., and Shamir, A. (2010). Mediation strategies and cognitive modifiability
in young children as a function of peer mediation with young children program
and training in analogies versus math tasks. J. Cogn. Educ. Psychol. 9, 48-72.
doi: 10.1891/1945-8959.9.1.48

Vamvakoussi, X. (2017). Using analogies to facilitate conceptual change in
mathematics learning. ZDM 49, 497-507. doi: 10.1007/s11858-017-0857-5

Vamvakoussi, X. (2019). The wuse of analogies in
instruction: affordances and challenges. Math. Cognit. Learn.
doi: 10.1016/B978-0-12-815952-1.00010-4

mathematics
5, 247-268.

Vamvakoussi, X., and Vosniadou, S. (2012). Bridging the gap between the dense
and the discrete: the number line and the “rubber line” bridging analogy. Math. Think.
Learn. 14, 265-284. doi: 10.1080/10986065.2012.717378

Zhao, H., Alexander, P. A., and Sun, Y. (2021). Relational reasoning’s contributions
to mathematical thinking and performance in Chinese elementary and middle-school
students. J. Educ. Psychol. 113, 279-303. doi: 10.1037/edu0000595


https://doi.org/10.3389/fpsyg.2024.1339591
https://doi.org/10.1002/wcs.1336
https://doi.org/10.1016/j.cedpsych.2009.09.001
https://doi.org/10.1126/science.1142103
https://doi.org/10.1037/0022-0663.99.3.561
https://doi.org/10.2307/1129586
https://doi.org/10.1093/acrefore/9780190264093.013.942
https://doi.org/10.7346/-feis-XX-02-22_04
https://doi.org/10.53841/bpsecp.2009.26.3.71
https://doi.org/10.1007/BF00923140
https://doi.org/10.1891/1945-8959.9.1.48
https://doi.org/10.1007/s11858-017-0857-5
https://doi.org/10.1016/B978-0-12-815952-1.00010-4
https://doi.org/10.1080/10986065.2012.717378
https://doi.org/10.1037/edu0000595
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

	Analogical thinking modifiability and math processing strategy
	Introduction
	Analogical thinking and mathematical skills
	The dynamic assessment of cognitive modifiability
	Hypotheses

	Method
	Participants
	Measures
	The analogical modifiability puzzle test
	Math accuracy and processing strategy test (MAPS)

	Procedure

	Results
	The effects of teaching analogies on analogical thinking and mathematics performance
	Treatment  time interaction on AMPT scores
	Treatment  time interaction on math accuracy scores
	Treatment  time interaction on math processing strategy scores
	Treatment  time interaction on math total scores

	Hierarchical regression analysis: prediction of post-teaching MAPS-total by AMPT scores

	Discussion
	Limitations
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


