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The study investigates the shifts in pupils’ learning progression levels while they learn fractions using hand manipulatives and
touch screen applications. A total of 10 children paired with preservice teachers participated in a 12-week learning design. This was
performed during the disruptions of the academic year due to the COVID-19 pandemic. The study uses the convergent mixed
methods design to document qualitative and quantitative data. The method enables the researcher to compare, relate, and merge
results. The author develops a microscoring tool to help the preservice teachers analyze observed learning progressions. The
theoretical underpinning was based on a constructivist environment while learning mathematics. Results documented evidence of
shifts and recursions in children’s learning progressions along with the Pirie-Kieren model while interacting with hand ma-
nipulatives and touch screen applications. The quantitative and thematic analyses revealed three different shifts in pupils’ learning.
The study suggests that an open-ended number of tasks at varying levels of difficulty led the pupils to refine their understanding of
the concept image resulting in progression shifts in learning. With the interconnectedness of the findings, it is proposed that
design features in mathematics apps paired with manipulative kits be investigated on a large population. Implications for delivery

modes and policy directions in post-COVID-19 new normal are presented.

1. Introduction

To control the outbreak of the COVID-19 virus, the delivery
of instruction has changed from in-person to remote
teaching [1], increasing inequalities and affecting the most
vulnerable school-aged children [2]. The shift of the edu-
cational system has subsequently accelerated the usage of
emerging digital gadgets dividing simultaneously between
people with versus without access to the technologies [3].
This disparity became evident when rich countries readily
adopted complete online learning. At the same time, de-
veloping countries, such as the Philippines, have shifted to
modular distance learning in their public school system due
to some challenges in online infrastructure. However, the
literature showed that equalizing learning profiles across
different countries requires more than closing the rich-poor
gaps but an equal learning progression for all [4]. Akmal and

Pritchett [4] added that even with equity goals of schooling
and learning, children are still far from mastering basic
mathematics by the age of 12 or 13.

Learning the concepts of mathematics is a robust pro-
cess. The learners’ mathematical knowledge advances by
developing numerical information through a concrete,
procedural, symbolic, and formal understanding [5-7]. Pirie
and Kieren [7] argued that learning has to be an effective
action and that mathematical understanding expands out-
ward as they progress on a learning progression model.
Learning progression is the term used to refer to the no-
ticeable changes in mathematics learning. For example,
Watts et al. [8] revealed that children’s learning patterns
could be evident if given a variety rendering of tasks at
varying levels of difficulty, resulting in an observed pro-
gressive pattern in the Pirie-Kieren theory. The model
perceives children’s understanding as a dynamic, leveled but
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nonlinear, recursive process and details eight potential levels
of actions for mathematical understanding. Each level of
understanding is contained with subsequent levels and is
dependent on the processes within and further, is con-
strained by those without [9]. Because of its emphasis on
observing the whole process of gaining understanding, the
Pirie-Kieren theory has the potential to be a helpful tool to
trace a learner’s growth of understanding of fractions using
manipulatives or touch screen applications.

Primary school teachers need to be innovative in uti-
lizing learning tools to enhance mathematics teaching and
learning [5, 10]. Teaching with manipulatives is one of its
best examples. Manipulatives are objects utilized in class-
rooms to make ideas in mathematics tangible. Manipulatives
are both concrete and virtual objects that can represent and
give meaning to abstract mathematical concepts [11]. In the
past 20 years, there has been continuing experimentation,
virtual applications, and software trying to invade the
century-long concrete hand manipulatives in teaching
mathematics. For example, a tablet multitouch app can elicit
a broad range of number sense abilities among preschoolers
[12]. However, Doias [13] revealed that the combination of
both hand and virtual manipulatives effectively increases the
students’” assessment scores and leads to positive changes in
the attitude toward learning mathematical concepts. The
variety of hand and touch screen manipulatives can enhance
children’s psychomotor and cognitive development.

Documenting the learning progressions shifts of the
pupils as they are exposed to hand and touch screen ma-
nipulatives is still unexplored. The study of Watts et al. [8]
reported progression shifts of the children’s learning using
mathematics apps touch screen application. However, un-
healthy ways of using touch screen applications keep our
school-aged children as digitally disadvantaged learners [14].
The environment of techno-microsystem produces conse-
quences of the use of technology among children. On the
other hand, several research studies have indicated that hand
manipulatives effectively develop children’s conceptual and
practical knowledge in mathematics [11, 15]. A systematic
review of studies on the effects of manipulatives on math-
ematically challenged children revealed that interventions
with manipulatives are promising [16]. This paper provides
specific interventions to mix the touch screen apps with
tangible hand manipulatives to minimize digital disadvan-
tages on children. The study focused on the competencies of
the basic operations of fractions among pupils in the age
range of 8-10 years old. The learning progression model in
the Pirie-Kieren theory [17] was used to trace the analytical
and cognitive discovery of the pupils while using the
manipulatives.

2. Pirie—Kieren Theory

The Pirie-Kieren theory is a nested description of a
learner’s growth of understanding classified on eight
layers of measures from primitive knowing to inventizing
(see Figure 1). The notion is that the nature of under-
standing the concepts in mathematics is getting more
general and abstract as the learning moves continuously
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FIGURE 1: Pirie-Kieren theory of mathematical understanding [17].

through the layers of knowing. Because mathematical
understanding can be distinguished as leveled across
stages, this motion is not necessarily linear but may depict
recursive looping patterns describing the unlearning and
relearning of concepts [17].

Figure 1 presents the diagrammatic circles illustrating
the rendition of the Pirie and Kieren theory. The recursive
phenomenon is observed when mathematical thinking
moves between levels of sophistication. Granting it is beyond
the range to fully delineate the idea with the exact data of
mathematical understanding of the pupils, Pirie and Kieren
[9] highlighted that the model is effective in comprehending
the episode of pupils’ behavior with a specific topic such as
fractions and its operations. This paper employs a rubric in
observing the complex leveled phenomenon with video-
recorded files of the learning activities to allow reobservation
and validation of recursions.

The first level occurs when the learner begins to picture
concepts from “primitive doing.” This level may involve
figures, objects, or graphics as aids of learning and pattern
recognition. The term “primitive” does not refer to low-level
mathematics but is a starting place for developing specific
mathematical understanding [17]. The first recursion on
primitive doing occurs when the learner begins to form
images out of the task given. The effective actions here
involve the second level of “image-making.” At this level, the
learners are involved in specific thinking that will help them
develop an image of the concept that they are trying to
explore [18]. Pictures of the ideas established at this level are
not separated from the actions specifically produced by this
cognition. From the point of view of mathematical under-
standing, the third level, “image having,” frees a pupil’s
mathematics from the necessity to take particular actions as
a guide to understand the concept. The image having is the
first level of abstraction, but it is critical to note that the
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learner makes this abstraction by recursively building on
images based on action. In order to improve the under-
standing, these images cannot be imposed from the outside
since knowing has to be an effective action. The recursions
do not stop here. The images formed are examined for
specific and relevant properties. These actions involve no-
ticing distinctions, combinations, or connections between
images. The fourth level, “property noticing” is considered
the outermost part of unself-conscious knowing. The word
outer refers to imply levels of understanding wrap around
each other, as illustrated in Figure 1, and contain, indeed
require, the possibility of access to all previous levels. Levels
of understanding do not equate with higher or lower levels of
mathematics.

The fifth level, “formalizing,” denotes higher-order
thinking skills that can sequentially attain from the previous
levels. The pupils can produce a general statement about the
idea by examining the images from image forming, the
image having, and understanding the underlying properties
in the stage of property noticing [9]. The construction of
formal definition in mathematics is developed from algo-
rithms of the topic [19]. The pupils need help escalating their
conceptions with fractions to formally connect their un-
derstanding of fractions using manipulatives to procedural
knowledge [13]. The sixth level, the “observing,” will just
come close with formalizing. In this level, the pupils observe
the meaning they have organized and formalized from
observations. They replicate and organize formal action and
prompt coordination as a new understanding leading to a
theorem [7].

The last outermost levels (seventh and eighth) are
“structuring” and “inventizing.” Structuring occurs when a
pupil attempts to reason out from formal observations as a
theory [7]. The level means that the child is now collecting
inter-relatedness of theorems and verifying the statements
through a reasonable argument. In this stage, the pupils’
mind will filter physical chunks of information from image-
making or property noticing and make partitions of higher
concepts than just formalizing. Inventizing is the sealant
stage. The pupils reach a structured understanding which
will enable them to formulate new queries from which an
entirely new concept may begin [9].

3. Research Questions

The overarching hypothetical viewpoint of this paper was
how the use of hand manipulatives and touch screen ap-
plications in teaching fractions produce incremental shifts in
pupils’ learning progression. Uncovering a deeper under-
standing of how the pupils progress in their learning could
lead to policy directions on using hand manipulatives and
touch screen applications in teaching fractions. Thus, the
following research questions were posed: What were the
different learning progression shifts of the pupils while using
the hand manipulatives and touch-screen manipulative
apps? What were the pupils’ experiences while learning
fractions in hand manipulatives and touch-screen manip-
ulative apps?

4. Methods Used

This study employed the convergent mixed methods design
following a contemporary collection of quantitative/quali-
tative data and merging the results to interpret or explain the
convergence or divergence of the findings [20-22]. This
design aims to get corresponding information on similar
themes and comprehend the complementary results of the
quantitative and qualitative analyses. The quantitative data
include the pretest and post-test scores and graphical in-
formation derived from the learning progression across the
Pirie-Kieren theory. The qualitative data consist of the
thematic studies based on the data gathered in semi-
structured interviews, the anecdotal records of the preservice
teachers, and the field notes observed when deciding on the
progression shifts in the Pirie-Kieren theory. Orientation
with the app was made to ensure that the pedagogical skills
of the preservice teachers are aligned with the technological
knowledge that they wish to employ [23]. A checklist (see
Table 1) was developed to carefully track learning pro-
gression with descriptions specific to learning concepts on
fractions and learning expectations. Wilkins and Norton
[24] outlined a learning progression scheme for fractions as
(1) “part-whole scheme” PWS), (2) “measurement scheme
for unit concepts” (3) “measurement scheme for proper
fractions” (MSPF), and (4) “generalized measurement
scheme for fractions” (GMSF).

The basis for validity and reliability of the developed
micro-scoring, Creswell [21] recommends using data tri-
angulation on a mixed-method design. The data triangu-
lation was achieved by examining and reviewing the video
vignettes several times, which was conducted by the re-
searcher and the cooperating preservice mathematics
teachers.

4.1. Participants and Procedures. Ten pupils and ten pre-
service mathematics teachers participated in the study. The
recruitment was based on the availability of a preservice
teacher and a primary grader in one household since the data
gathering was performed during the general community
quarantine (GCQ) due to the COVID-19 pandemic. Nine
pairs of pupil-preservice teachers were at Danao City, while
one pair were at Compostela in the province of Cebu,
Philippines. The age ranges of the pupils were 8-10 years old
with 3 or 30% in Grade 2, 5 or 50% in Grade 3, and 2 or 20%
in Grade 4. The selection is based on Jean Piaget’s concrete
operational stage, which states that the effectiveness of
manipulatives is completed by the age of ten or eleven years
and that these are no longer needed after that age [25]. All
activities followed the protocols of the local authorities and
interagency task force (IATF) in the Philippines during the
implementation of the research. The orientation and
training of the preservice teachers were performed online
using the flexible learning platform of Cebu Technological
University, Cebu, Philippines. The participants were pro-
vided with a mathematical kit for teaching fractions and
tablets with applications in manipulatives. The mathematical
kit for teaching fractions is a utility model registered under
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TaBLE 1: Checklist on learning progression in the operations of fractions based on the Pirie-Kieren theory Approach.
Level [17] Desgzp]tlon Learning Progression Expectations about Fractions
1 The child knows moving hand and touch screen manipulatives but does not count aloud the concept of
. PWS 1 . . .
Doing fractions to match with the objects.
2 PWS 2 The child says numbers as a part of the whole but does with exact correspondence of the uttered
Image-making concepts of fractions and the manipulatives.
3 For at least five objects in hand and touch screen manipulatives, the child says the exact values and
. MSUF 1 . . .
Image having matches each spoken fraction with the objects.
4 The child has developed an understanding of the addition and subtraction of similar fractions using the
Property MSUF 2 . .
S hand and touch screen manipulatives.
noticing
5 MSPE 1 The child has understood the multiplication and division of similar fractions using the hand and touch
Formalizing screen manipulatives.
6 The child has developed an understanding of the addition and subtraction of dissimilar fractions using
. MSPF 2 . .
Observing hand and touch screen manipulatives.
7 The child has developed an understanding of multiplication and division of dissimilar fractions using
. GMSF 1 - .
Structuring the hand and touch screen manipulatives.
8 GMSE 2 The child can explain the operations of fractions and provide more examples using the hand and touch
Inventing screen manipulatives.

the intellectual property office of the Philippines (IPOHL)
comprising of a plurality of polygonal tiles, which will help
the teachers explain abstract concepts with concrete ex-
amples, especially in operations fractions [26]. The common
sense media (CSM) application was used as the touch screen
virtual manipulatives. The app of CSM is a touch screen
manipulative that will help children visually understand the
relationships among percentages, fractions, and decimals.
Pretests and post-tests were given before and after the
learning tasks. The learning tasks were carried out in twelve
weeks, spanning from June 1, 2020 to August 23, 2020.
Parents/guardians testified on children’s use of touch-screen
devices (TSDs) at home. All have access to TSDs at home,
with 13% having more than five available TSDs, 13% had
between three and four, and 75% had between one to two.
Thirty percent of children used the TSDs every day, 50%
used it 4-5 days per week, and 20% used it three days per
week.

One way of pinning the learning progression shifts is
through video recording [8]. The researchers developed
checklists (see Table 1) that serve as micro-scoring tools to trace
the Pirie-Kieren theory’s progression shifts. The term “trace”
was used by Adesina, Stone, Batmaz, and Jones [27] to track the
learning with video recordings. The student-teacher counter-
parts took pictures and recorded the videos covering the ac-
tivities of the pupils while doing the learning activities. The
video recordings will serve as trace path history and will verify
the direct observations conducted by the student teachers.

4.2. Data Analysis. In the context of analyzing quantitative
and qualitative data, four sources are used to determine
changes in pupils’ learning: the scores in prepost assessment,
the learning progression pattern observed per week, the
anecdotal records performed by the preservice teachers, and
the transcripts of the semi-structured interviews. The results
were collated with three analytical techniques: visual, sta-
tistical, and thematic analyses. Different analytical methods

are usually used in a convergent mixed methods design since
it supports parallelism in answering interdependent research
questions and allow researchers to harmonize quantitative
and qualitative data [20, 22]. Data that complement each
other are good at capturing the phenomenon, especially if we
are bound to pin down the child’s learning progression.

In the visual analysis, the cooperating preservice teachers
examined the learning progression levels using a checklist as
shown in Table 1. These learning progression reports were
presented as sequence charts for the graphical analysis.
Another statistical analysis included was the t-test for cor-
related samples to determine a significant improvement in
the pretest and post-test scores. The hypothesis test results
were compared if it conforms to the observed learning
progression levels and the themes drawn from the experi-
ences of the pupil respondents. Transcripts of the semi-
structured interviews, video recording, and FGD were an-
alyzed using NVivo Pro software. The NVivo software
supports qualitative and mixed methods research by helping
researchers organize, analyze and find insights in unstruc-
tured interviews and multimedia information.

5. Results

The results include each learning sequence with the pupil’s
interview experience and sequence chart analysis. The data
are presented so that small shifts in children’s learning
progressions are visible. The student-teacher counterparts
deliberately performed these observations using the obser-
vation checklists and retraced the correctness of progression
through the video vignettes gathered during the learning
activities. To elaborate qualitative discussions, the researcher
examined the videos and interview transcripts. It was made
sure that getting closer to elaborate discussions was made
without losing the context of the observations performed by
the student teachers, as suggested by Blikstad-Balas [28].
The results revealed three different types of learning
progression shifts; (1) the irregular recursions in the model,
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FIGURE 2: Chart of actual, trace, and average progressions of the pupils identified as irregular shifters.

(2) slow incremental shifts, and (3) regular incremental
progressions. Each of the identified learning progressions is
presented with sample interviews to entice more discussions.
The charting of progression levels includes the actual ob-
servations of the preservice teachers on the pupil they are
supervising, the trace extracted from the video vignettes, and
the average of the actual observation and the trace.

5.1. Irregular Shifts in Learning. The sequence chart revealed
a generally increasing recursion on the nested description of
the understanding of the Pirie-Kieren theory in a 12-week
learning design. It can be gleaned in Figure 2 that respondent
5 showed more retractions in the learning progression and is
followed by respondent four and respondent 2.

With the aid of a micro-scoring tool, actual observation
on the progressions using field notes and the “trace” on
video vignettes were performed. Results revealed discon-
tinuous jumps on respondents 2, 4, and 5. Wilensky [29]
stated that discontinuous jumps occur when the movement
of learners along the specified progression levels is not
smooth, which can be associated with specific ways of un-
derstanding. Crosschecking interviews revealed the fol-
lowing realizations.

“I am happy because I could learn new things; this is my
first time learning fractions with a manipulative kit and
fraction apps on a tablet. I could learn on my own even
without our teachers. The problem is that I am not used to
learning independently, and sometimes I learn nothing
(respondent 5). I know to do basic operations in fractions
with different denominators. However, I quickly forget the
idea when I do it again by myself. I need somebody to guide
me or will watch the tutorial again and again (respondent
4).”

The observed recursions and the qualitative data support
that some children are still dependent learners and that more
learning and unlearning happened when no one is there to
guide the learning process. These were the main reasons why
the learning recursed back and forth along with the Pir-
ie-Kieren model for respondents 2, 4, and 5. This result
supports the findings of Mendiburo et al. [30]; which states
that teachers need to spend considerable time helping the

students learn, especially when introducing new visual tools
such as manipulatives in teaching fractions and touch screen
apps. An important observation is that the pupils mentioned
above are quick at understanding the concepts at first glance
but are also quick to forget these concepts after the learning
sessions. These learners need helping affordances that are
accessible to the children who progressed between the pre-
and post-assessments. Crosschecking interviews revealed
that they would turn their attention to other things and stop
learning when no one is there to guide them.

Looking at the learning progression of respondent 4, it
went as high as Step 6 on the sixth week but went down to
Step 1 in week 8. A personal interview with the preservice
teacher supervising the child revealed that the family had
some problems related to COVID-19 and the quarantine.
Crosschecking with the video vignettes during these days
showed that the child could not focus and did not answer the
learning activities. Therefore, it cannot be denied that
personal family problems affect learning and even changes
attitude toward learning. Another factor is the unlearning
effect when the session is performed. Among the irregular
shifters observed, Pupil 2 is the one that never reached the
observing level in the Pirie-Kieren model. Pupil 2 is a shy
type of child and is described as a dependent learner. The
mathematics performance of pupil 2.

5.2. Small Incremental Shifts. Other notable results in the
sequence chart are the observed small incremental shifts
(SIS) as depicted by pupils 3, 6, 7, and 8 (see Figure 3). SIS
comprised 40% of the respondents. Learning progressions
can reveal the SIS in children’s cognitive organization.
Clements and Sarama [31] noted that SIS allows researchers
to establish specific objectives for a particular pupil. Inter-
view transcripts reveal that these pupils were having com-
mon experiences explaining SIS. For example, they felt like
learning fractions is difficult for first-timers, but they play
while learning as they understand its usage.

It is pretty tricky to use at first, but it is just like playing
while solving problems if you get used to it. (respondent
3). It is hard because I am unfamiliar with manipulatives,
but I discovered new ways of knowing fractions (re-
spondent 6). Sometimes I get confused, but the good thing



10

1 2 3 4 5 6 7 8 9

mmm R3 Actual
mmm R3 Trace
R3 Ave

10 11 12

Education Research International

10

1 2 3 4 5 6 7 8 9 10 11 12

mmm R6 Actual
mmm R6 Trace
R6 Ave

1 2 3 4 5 6 7 8 9

mmm R7 Actual
mmm R7 Trace
R7 Ave

10 11 12

1 2 3 4 5 6 7 8 9 10 11 12

mmm R8 Actual
mmm R8 Trace
R8 Ave

FIGURE 3: Chart of actual, trace, and average progressions of the pupils identified as small incremental shifters.
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FIGURE 4: Chart of actual, trace, and average progressions of the pupils identified as regular shifters.

is that you can explore more according to your pace
(respondent 7). I was not able to understand how to use
the manipulative tiles not until I was given instructions on
how to do it. From then, on I gradually visualize fractions
and began to learn while playing (respondent 7).

5.3. Regular Progression Shifts. The pupils identified with
regular progression shifts showed numerous shifts than their
counterparts (see Figure 4). It is important to note that
completing more tasks at varying levels of difficulty will
allow the pupils to have more drills on a topic, leading to a
more concrete understanding. The respondents with regular
progression shifts are pupil numbers 1, 9, and 10, with charts
shown in Figure 4.

The average grade of regular progression shifters is 90, a
unit higher than the irregular and two units higher than the
small incremental shifters. The good thing about the apps is
that it allows differentiation of learners and that more

capable pupils could go faster in the varying levels of task
difficulties [8].

Learning with the app is just like playing a game. You go
to different levels. Suppose you like easy tasks; you can;
if you like challenging tasks, choose the level (re-
spondent 1). Using both the app and the kit is nice. The
learners must get used to using them. I reccommend that
teachers use this in school because it is gratifying
(respondents 9 and 10).

5.4. Comparison between the App and the Kit. Fifty percent of
the respondents preferred to learn fractions with the app, 30
percent favored the kit, and 20 percent chose to learn with
the combination of the app and the kit. During the follow-up
interview, pupils who are inclined to learn fractions with the
app revealed that learning fractions were fun and
challenging.
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The puzzle games in-app are so challenging. Although the
hand manipulatives are more concrete, the app facilitates
faster learning (respondent 1). I enjoyed learning fractions
more using the app than the manipulatives. I could un-
derstand easily using the app because it will tell you di-
rectly if your answer is correct or wrong (respondents 2
and 6). You can play with an opponent also using the app.
It is more challenging (respondents 4 and 10).

Among those who prefer to learn fractions with the kit, it
is noteworthy that some revealed that it is a new way of
learning fractions. This finding means that hand manipu-
latives are not introduced in their schools. It was also
revealed that using the kit is a good way of cutting the pupil’s
time spent in video gaming. Although more prefer to learn
with the app, when asked if they will recommend the kit, all
respondents agree that the teachers must use hand ma-
nipulatives in schools. The respondents said

Using the kit is a new way of learning fractions. I enjoyed
assembling the tiles (respondent 5). If I want to relax from
playing video games, I will learn fractions using the kit
(respondents 3 and 9).

The two pupil respondents suggested that the kit must be
used together with the app. According to them, the hand
manipulatives are good at discovering the actual partitions of
fractions, while the app will complement the exercises and
solutions. The kit is good at learning the basic knowledge about
fractions, while the app will enhance the essential learning
because of its ability to have more visualization effects.

It is excellent to see how the ideas in the app can be
verified using actual manipulatives (respondent 7). The kit
is very interesting, but it must be accompanied by the app
(respondent 8).

5.5. Pre-Post Comparison by Competencies in the Learning
Progression. Table 2 showed the paired t-test for the pretest
and post-test scores of the pupil respondents in the six
competencies of learning fractions. All except the first
competency gave significant results at 0.05 alpha level. This
finding means that the pupil respondents were already
equipped with the basic knowledge in visual identification of
fractions. This competency is the springboard from kin-
dergarten mathematics. The pupils will only identify what
shaded regions represent part of the whole. The significant
improvement in all other competencies signifies that using
the mathematical kit for teaching fractions and touch screen
manipulatives in the app effectively improves the pupils’
mathematical skills.

6. Discussions

This study hypothesized that examining shifts in pupils’
learning progression levels as they interacted with manip-
ulatives in the kit and apps could lead to a greater under-
standing of how those shifts related to children’s learning.

The results revealed that we could document evidence of
shifts in children’s learning progressions. At the same time,
they interact with manipulatives, indicating patterns in the
pupil’s activities related to the shifts in their learning pro-
gression levels. This learning supports the work of Duzenli-
Gokalp and Sharma [32], which states that the relationship
between the pupils’ preference on utilizing representations
of fractions leads to shifting on different levels of under-
standing. The different progression shifts documented from
the results support the theoretical perspectives. The de-
scription of the development of learning is dynamic, non-
linear but leveled, and follows a particular recursive process
[9]. The results suggest that the identified tasks at varying
levels of difficulty led the pupils to refine their understanding
and shape their concept image of ideas about fractions
resulting in progression shifts in learning.

The result showing that pupils with family problems at
home tend to go more recursive patterns in the learning
progressions is supported with King et al. [33], which states
that the most important support to learning pathways
among children is the family functioning and support of
parents. Children’s pathways to academic and social com-
petence also had particular attention in investigating the role
of children’s health and the distinction between activity-
limiting conditions as a factor affecting learning [34]. Becker
et al. [35] also affirmed that the near-universal closure of
schools due to the COVID-19 pandemic affecting financial
and health problems has led to remote learning difficulties
among family members attending schools.

Learning progressions can reveal the small incremental
shifts in children’s cognitive structures. Clements and Sar-
ama [31] note that examining this movement allows re-
searchers to answer questions such as what new objectives
should be established for a particular child and what de-
velopmental tasks would be appropriate for that child to
achieve those objectives. For example, during the unstruc-
tured interview, one of the pupil respondents reveals that she
is tempted to play other games in the app and tends to play
those games when the preservice teacher facilitator is not
around. The natural tendency is that the pupil is more in-
clined to use the app than the manipulatives in the Kkit.
However, due to a regular engagement of the preservice
teacher, a notable incremental shift was observed in this
pupil respondent. Thus, an overall analysis of a child’s in-
cremental shifts in learning could aid an educator in un-
derstanding a child’s learning needs. Mendiburo et al. [30]
support the findings stating that teachers need to spend
considerable time helping the students learn, especially
when introducing new visual tools such as manipulatives in
teaching fractions and touch screen apps.

The statistical and thematic analyses revealed incremental
shifts in pupils’ learning during their interactions with the
manipulatives. The findings showed several examples of these
types of shifts for individual pupils. For example, eight out of
ten participants showed constant progression in the Pir-
ie-Kieren recursion pattern and were observed to have sig-
nificant improvements from the pretest scores to post-test
scores. Although there are notable backward paths in the
recursion of the two participants, the overall statistical test
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TaBLE 2: Paired t-test of the pretest and post-test of the competencies of learning fractions.

Competency Mean  Standard Deviation  f statistic ~ p-value Findings
Visual identification of fractions PI;I’:;:; ;gg g;gg 2.042 >0.05  Not significant
Visual representation of fractions Pirsetfiit 2;8 ggig 1.831 <0.05 Significant
Addition and subtraction of similar fractions PPc))rsiE:Zt g;(()) 3222 3.699 <0.05 Significant
Addition and subtraction of dissimilar fractions PI())rsifzz ¢ ;gg 4118(3;(3; 5.640 <0.05 Significant
Multiplication of fractions Pf;rsetftszz t g;g gizg 4.648 <0.05 Significant
Division of fractions P};rsifizg ¢ ggg ;Lgéi 4.046 <0.05 Significant

supports a good and satisfying learning progression in the 12-
week time series data. Documenting these discontinuous
jumps allowed us to trace each pupil’s movement and learning
progressions using the app and the kit. It would not have
observed this continuum of growth without using a micro-
scoring tool and an examination of every task every pupil
completed throughout the learning sequences.

7. Implications to Post-COVID-19 New Normal

All pupils in the study recommended that manipulatives be
part of the learning strategies in understanding the concepts
of fractions. This finding is supported theoretically. According
to the cognitive psychologist and educator Jerome Bruner
[36], individuals learn by distinguishing symbols and shapes.
Learners “remember a formula, a vivid detail that carries the
meaning of an event” (p. 25). Acquisitive with symbolic
notation is the first step in understanding mathematical
concepts. As children absorb the given concept more pro-
foundly, the layers of meaning will unfold, moving from
concrete perceptions to abstract understanding of the con-
cepts. This theory supports the need to use manipulatives in
teaching fractions. The primary school graders need to
channel their energy to something relevant to them. Hand
manipulatives provide the children with opportunities to be
actively involved in evocative learning experiences. If the
learners become actively engaged in the process, they take
ownership of what they have learned and transfer from
concrete to abstract concepts by themselves [13, 37, 38].
Recent development in teaching has devised two types of
manipulatives, the actual hand manipulatives and touch
screen applications. In today’s digital world, gadgets are
communication devices that are basically intended to fa-
cilitate adults’ essential functions. Children should be
considered vulnerable to media overuse and addictive be-
haviors [39]. This paper concludes with intertwining dis-
cussions on the use of touch screen applications and
concrete hand manipulatives with a balance. Therefore,
lessening the children’s exposure to digital media and open
advocacies to improve the curricular design intended for
primary schoolers’ age group. As we approach the post-
COVID-19 new normal, the education sector must consider
these emerging challenges on over-exposure of children to

digital media by adding concrete hand manipulatives in
teaching. The study adds information to the lens of cur-
ricular innovations for the post-COVID-19 era.

8. Conclusion

This study focused on documenting shifts in pupils’ learning
progressions when they used manipulative kits and apps on
touch-screen devices while learning fractions. The results
revealed patterns in pupils’ engagement and progression
shifts in their learning. These results suggest that various
tasks and levels of difficulty may lead the children to refine
their comprehension and reshape their perceived concepts
to different mathematical ideas resulting in incremental
shifts in learning. When the student teachers observed
pupils’ learning progressions shifting forward and backward,
exhibited by variability in children’s learning progression
scores, this often led to positive shifts between competencies.
This productive failure encouraged children to test their self-
constructed concept against multiple scenarios and increase
to a complete understanding of the mathematical topic. By
conducting an in-depth analysis of individual pupils and
documenting the incremental shifts in their developing
mathematical ideas, this paper contributes essential insights
into what pupils were doing when shifts in their learning
progressions occurred. Teachers can use the design features
in manipulative mathematics to support and encourage
learning shifts. The need to consider the emerging challenges
of over-exposure of children to digital media must be a part
of the curriculum design. This paper adds information to the
lens of curricular innovations for the post-COVID-19 era.
With the interconnectedness of the findings, it is proposed
that design features in mathematics apps paired with tan-
gible manipulative kits be considered on a large population
investigation in primary school mathematics.

9. Limitations

The paper presented the interconnectedness of qualitative
and quantitative data in a small population. The potential
shortcoming in the study is the limited quantitative data on
pupils’ learning progression and the scores in different
competencies under investigation. As to the research design
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requirements, nevertheless, this should not affect the general
result of the study.

Data Availability

The data used are available on request through the e-mail
address of Cebu Technological University Educational Re-
search and Resource Center (CTU-ERRC) at errc@
ctu.edu.ph.

Additional Points

It is proposed that the teaching-learning process and the
design feature in mathematics apps paired with manipula-
tive kits be investigated on a large population of primary
graders and teachers.
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