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Abstract

Objective: Children's primitive reflexes typically integrate within the first
twelve months of life. If this process is interrupted through maternal or envi-
ronmental stress, developmental immaturities can occur, leading to educational
challenges for children. While other reflex integration exercises have been studied
within group settings, the set of rhythmic based movements used in this research
has not. As rhythm is a valuable element in a child's development, this aspect of
the movements was of interest. The research was conducted post-2011 Christ-
church earthquakes, a devastating event for the city. The participants were in ute-
ro or infants when the quake struck.

Method: This article reports on a reflex integration intervention used in six
New Zealand classrooms. The research lasted ten months, and 98 six to eight-
year-olds completed four movements for five minutes daily, three-five times per
week. This mixed-methods research evaluated reflex retention scores, reading, and
teachers' perceptions of achievements.

Results: The conclusion showed post-intervention that the intervention
group's reflex profiles were lower than the control's by a statistically significant
(p = 0.018) margin. Reading scores increased significantly (p = 0.002) when the
movements were used four or more times per week. It was also noted that the
reflex scores for this group of children were higher than expected and higher than
that of another group of New Zealand children.

Conclusion: Decreased retained primitive reflexes, improved reading scores
and teacher comments showing general class improvements suggest that there is
benefit in using movement-based reflex integration activities within a classroom
setting.

Keywords

Children, Learning and behavioural intervention, Mixed-methods, Retained
primitive reflexes, Primitive reflexes, Learning delays

Introduction
COVID-19 has changed the environment into which children are being

born. Families have experienced additional stress through the pandemic [1], with
research showing that relationships, mental health, and stress levels have been
impacted. It is also understood that disasters create additional strain on mental
health [2], and continued restrictions can extend that stress. An American study
[3] has found that infants born after the beginning of the pandemic show signif-
icant reductions in skill development and cognitive function compared to infants

born during or before 2019. The researchers link these findings to heightened
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levels of maternal stress and restrictions that have limited ex-
periences to support healthy neurodevelopment. They did not
connect the possibility that this lack of typical neurodevelop-
ment could also be related to the retention of primitive re-
flexes. Maternal and environmental stress are considered the
main factors in interrupting the typical development of these
life-supporting reflexes. When primitive reflexes are retained
beyond their useful timeframe in a child's development, there
are implications for carers and teachers. This article highlights
the issues associated with retained primitive reflexes and re-
ports on preliminary research that used a reflex integration
program in schools.

Primitive reflex retention has been identified as an inhibi-
tor of development [4-7]. While immaturities have been iden-
tified in social and emotional development when primitive
reflexes are still present in school-aged children [8-10], this
article focuses on classroom-based student reading achieve-
ment and its relationship to retained primitive reflexes.

Most children are born with a set of fully developed prim-
itive reflexes, developed in utero [10]. These are used for the
infant's initial survival and the journey down the birth canal,
their first breath, first drink, and early movements. As the
child matures, primitive reflexes are integrated. The reflex re-
action or action is replaced by cognition (the child chooses to
drink, or stretches out the arms to indicate they would like
to be picked up) or postural reflexes (they can subconsciously
prevent the loss of balance on an uneven surface). A typically
developing child will use their primitive reflexes before the in-
tegration process occurs. However, this integration process is
interrupted for some children, and maturation is delayed. Is it
possible to address the retention of primitive reflexes and thus
improve achievement outcomes for children?

The reflex integration programme used in this research
was Rhythmic Movement Training (RMT). Through obser-
vation of typically and atypically developing infants, a Swed-
ish occupational therapist, Kirste Lunde, developed a set of
rhythmic movements designed to aid children's integration
of their primitive reflexes [11]. Blomberg [12] and Dempsey
[11] developed the programme and training further. Grigg's
[13] qualitative research investigated the home-based use of
RMT through parent perceptions. Fourteen parents were in-
terviewed, and their perceptions included views that RMT
was a low-cost intervention that was easy to use within their
family routine. However, this article focuses on school-based
achievement outcomes for children when they use RMT for
five months.

Literature Review

With primitive reflexes in focus, this literature review
includes Hughlings-Jackson's early theories, Thelen's move-
ment theories, and research relating to reflex integration pro-
grammes giving context to the current research. The primitive
reflex discussion began in the 1850's with Hughlings-Jack-
son's reports of a central nervous system evolutionary-based
process that he believed was pivotal in a child's development
[8]. As a doctor, he was interested in neurology and concluded
that some behaviour or neurological-based conditions, such as
seizures, were linked to retained primitive reflexes [14]. His

theories were developed further by researchers such as Furfey,
Bonham and Sargent [15], who used primitive reflexes in
medical settings to determine the mental ability of an infant.
Capute [16, 17] also used primitive reflexes to aid in diag-
nosing neurological or developmental delay and subsequent
intervention recommendations [18, 19].

In the 1970's, research linking retained primitive reflexes
and learning challenges began to expand. Rider's [20] research
established a link between retained reflexes and learning de-
lays, particularly for boys. Goddard's [5] book, A4 Teacher’s
Window into the Child's Mind, detailed the influence of prim-
itive reflexes on children's learning. She developed a series of
movements that reportedly enabled the body to progress the
maturation of the reflexes. Irish researchers [6, 21, 22] found
links between the Asymmetric Tonic Neck Reflex (ATNR)
and lowered academic outcomes.

Thelen's research in the 1980's emphasised the move-
ments infants make and the association of these movements
with brain development [23]. She believed that there were
multiple movement pathways and that all movement was
helpful, particularly children's rhythmic movements made as
infants. Thelen argued that early movement prepares children
for future academic learning [24] and highlighted that chil-
dren prefer to move regularly. Regular opportunities to move
align children's movement strategies with distributed practice
theory [25], where small amounts of regular practice (move-
ment) have a greater benefit than long, irregular practices.
Leisman et al. [26] also emphasise the importance of move-
ment and cognition and their interdependence on each other.

Research on primitive reflex retention and the association
to both achievement and behavioural outcomes has been the
focus of several researchers [4, 6, 8-10, 22, 27-30]. McPhillips
and Sheeny [6] found that a retained ATNR was more prev-
alent in children with lower academic skills. Konicarova and
Bob [10] found that children with an Attention Deficit Hy-
peractivity Disorder diagnosis had higher than expected lev-
els of retained Moro and Spinal Galant reflexes [6]. Reading
delays and links to motor development have been the subject
of Irish research [6]. Taken from a sample of 409 children,
within 41 children in the bottom reader group, they found that
verbal IQ and SES were predictors of ATNR persistence and
reading challenges. Matuszkiewicz and Galkowski [7] found
that in children with language delays, there were significantly
higher levels of reflex retention for all reflexes tested (Moro,
ATNR, tonic labyrinthine reflex (TLR), symmetric tonic neck
reflex (STNR), and the Spinal Galant reflex).

Peer-reviewed research relating to the efficacy of RMT
was not found before the undertaking of this research. How-
ever, research completed by researchers from the United
Kingdom [21, 31, 32] found that using reflex integration pro-
grammes such as the Primary Movement Programme [33]
and the Institute for Neuro-Physiological Psychology (INPP)
programme [31] showed gains in the reading abilities of chil-
dren in the intervention groups. Both programmes contain a
series of movements that replicate infant movements. How-
ever, neither of these programmes incorporates rhythm as it is
used in the RMT programme.

Journal of Neurology & Experimental Neuroscience | Volume 9 Issue 1,2023

19



Primitive Reflex Integration and Reading Achievement in the Classroom

Grigg etal.

Materials and Methods
Research design and methods

Design

A mixed methods research design explored the phe-
nomenon of retained primitive reflexes and student achieve-
ment. A classroom-based intervention was assessed after five
months using a convergent, longitudinal panel design where
data was gathered sequentially and concurrently. The mix of
qualitative and quantitative data was designed to capture the
complexities of retained reflexes and the outcomes of the in-
tervention. A hermeneutic approach found a range of themes
associated with the qualitative data. The overriding research
question; What influences does the use of RMT have in a class-
room? was supplemented with the following question; Whar
influence does participation in an RMT programme have on stu-
dent achievement in reading? Participants included; 98 children
aged six-eight years (divided into evenly matched control
(n = 46) and intervention groups (n = 52) based on reflex
scores and reading scores), seven teachers each with over five
years of teaching experience, and 26 parents. Previous stud-
ies of children's retained reflexes and reading abilities focused
on low socio-economic status (SES) schools [22, 27, 30, 34].
However, the children in this research were students at three
SES level schools, high (n = 22, 25-child class with one teach-
er), middle (n = 50, 69-child class with three teachers) and
low (n = 26, 49-child class with two teachers), as rated by the
New Zealand's household income statistics [35]. The spread of
children's SES status in the research did not exactly match the
New Zealand population. Based on the number of children
in the research and the percentage of the total population in
each group, the low SES (NZ-wide n = 24.7) matched, but the
middle (NZ-wide n = 34.8) and high (NZ-wide n = 38.3) did
not. The current research had more middle-income families
and fewer high-income families when compared to the gen-
eral population. However, all SES groups were represented.
Selecting schools from different SES levels was intended to
question findings by McPhillips et al. [22] that reflex retention

was more pronounced in low SES populations.

The design of this research differed from others in the
area. Previous studies using reflex integration programmes [22,
30] used single classrooms as control and intervention groups.
The teacher effect was raised as a reason for improved reading
scores in the McPhillips and Brown research. In this research,
the children in the three schools were all in one class group.
Each group was divided evenly into either control or interven-
tion, matched on gender and levels of reflex integration. This
removed the possibility of the teacher's effectiveness influenc-
ing the results. The University of Canterbury's Education Re-
search Human Ethics Committee granted ethics approval. The
research involved two phases; Phase 1 lasted for five months,
and the groups were divided ( the control carrying on with the
classroom routine for five minutes and the intervention group
completing five minutes of the intervention). In Phase 2, five
and a half months, all children completed the movements. The
difficulties associated with this design are highlighted in the
discussion section.

Testing

A range of tests were completed for the research to reflect
possible issues associated with retained primitive reflexes. The
researcher was mindful that adding additional tests to a school
environment where extensive testing was already being under-
taken could lead to over-testing children [36]. Reading tests
were used based on New Zealand National Standards where
schools provide results from a range of non-standardised and
standardised tests to the NZ government. Overall Teacher
Judgement and teacher moderation were key factors in the
testing process [37]. All schools used PM Benchmark Run-
ning Records and Overall Teacher Judgement While the tests
are not standardised, they have been levelled in Australia. The
tests placed children at a reading level. The reading levels do
not have a linear progression, with nine levels each for the
first two years and four levels each for the next two years. To
enable statistical modelling, the reading levels were allocated
linear steps, four for each year level. Pre-intervention results in
show that a statistically significant difference was not detected
between the control and intervention group.

Written consent was gained from all participants, and
children were tested for the presence of three reflexes: TLR,
ATNR, and Spinal Galant [5]. The tests were selected based
on ease and appropriateness with which children could be
tested and their relatedness to the movements chosen for the
children to complete. The TLR test required the child to bend
the head forward slowly and then backwards with the hands
remaining at the side of the body, with eyes open and eyes
closed. The tester noticed additional movements in the body,
feet and shoulders, and wobbling or disorientation (0 = no
movement, 1 = slight adjustment, 2 = disturbed balance, 3 =
near loss of balance, and 4 = loss of balance). The ATNR test
required the child to hold the arms out in front at 90 degrees
to the body, and with closed eyes, slowly turn the head from
one side to the other (0 = no arm movement, 1 = slight arm
movement, 2 = arms move 45 degrees towards face, 3 = arms
move 60 degrees towards the face and 4 = arms rotated with
face and/or loss of balance). The Spinal Galant test required
the child to kneel, both knees and hands touching the floor
and the back parallel to the floor. The tester showed the child
a rounded ended pen, which was then run down either side of
the spine: (0 = no movement, 1 = slight hip movement or back
undulation of 15 degrees, 2 = hip movement or back undula-
tion of 30 degrees, 3 = hip movement and back undulation of
45 degrees, and 4 = hip movement, undulation of 45 degrees
and loss of balance). For all tests, the researcher demonstrated
the movement and the child was asked to complete what they
had observed. Children were tested at the beginning, midway
(5 months), and conclusion of the research (10 months). All
reflex tests were recorded and checked twice to ensure consis-
tency.

Data analysis

Data analysis used R Statistical Software [38] to examine
the variables. A linear mixed-effects model [39, 40] was used
to statistically analyse data from multiple time points (begin-
ning, mid-point, and conclusion) gathered from the reading
and reflex testing. The dependent variables were the academ-
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ic tests and reflex tests. The independent variables were time
completing RMT (Intervention or Control) and the frequen-
cy of the movements (four or more times per week or less than
four times per week), while the control variables were gender

and SES.

Qualitative information from teachers was gathered
throughout the research (observations and teacher comments
were recorded as field notes in a research diary),and semi-struc-
tured 15 — 30-minute interviews were used towards the end of
the research. Participants (parents and teachers) received the
sample questions before the interview [41-43], although the
questions were only used as a guide. The interviews were re-
corded, transcribed and coded (using NVivo 11 software) by
the researcher. To ensure validity and reliability [42], teachers
were provided with transcriptions of their interviews, and an
experienced RMT practitioner (Dempsey) reviewed video of
children's reflex tests. From the information gathered through
NVivo coding, themes based on the comments were estab-
lished and then refined. The results and findings were reported
under three themes: RMT in the classroom, perceptions of
student achievement and perceptions, and student behaviour.
This article focuses on the perceptions of student achievement,
in particular reading.

The intervention

Rhythmic Movement Training [11] has a total of 17
movements, and the four chosen for this research were based
on ease of use in the classroom setting and the reflexes target-
ed. Movements targeting the cerebellum were used as it was
reported that they could support attention and concentration
in children [12]. For bottom/hip rolling (targeting the cerebel-
lum and Moro and Spinal Galant reflexes, the child lies with
their front on the ground and makes a small rolling movement
of the hips from side to side. Head and feet are still. Wind-
screen wipers (targeting the cerebellum, ATNR, and Spinal
Galant reflexes [12]) have the child lying on their back and
moving the feet in and out. This is a whole leg movement.
To complete the Symmetrical Tonic Neck Reflex rock (targeting
STNR [12]), the child is in a kneeling position, and they rock
backwards and forwards in the manner of a pre-crawling child.
Stiding on the back (targeting the cerebellum and the Moro,
TLR, and Spinal Galant reflexes [12]) requires the child to lie
on their back with the knees bent and feet flat on the floor. The
sliding movement goes from feet to head, and the head nods
gently. When completing the movements correctly, a strong
rhythmic element needs to be maintained. All classes were en-
couraged to complete the movements four to five times each
week during the research.

The intervention group began the movements when re-
flex testing was completed. The research extended over a New
Zealand school year; the intervention group began the move-
ments in late February. The control group started the move-
ments five months later, in mid-July. The intervention ended
in early December. Approximately five minutes each day were
allocated for the movements.

Findings and results — reflexes

The level of retained primitive reflexes of the partici-
pant children was higher than expected. Reported rates fall

between 48% [28] and 89% of children having at least one
primitive reflex still present at six years of age [44] with 25%
having levels considered to impact typical development. In
this research, 98% of the children had one or more primitive
reflexes still present at the beginning of the research. Although
this is not the focus of this article, many of the children in the
research were in the womb, or infants when the Canterbury
earthquakes struck. As maternal stress is reported to be a fac-
tor in primitive reflex retention [45], this was considered to be
a factor in the high scores. Children’s reflex profile scores were
derived by adding the scores of their reflex tests, as described
in the Methods and Design section. Figure 1 shows that in
Group 1 (Intervention, n = 46), 71.74% (n = 33) of the chil-
dren scored between 3 and 9 for their reflex profile and 28.26%
(n = 13) scored between 0 and 2. Group 2 (Control, n = 52),
78.85% (n = 41) scored between 3 and 9 and 21.15% (n = 11)
scored between 0 and 2.

'The frequency of completion of the movements was no-
ticed as a factor in the reduction of the primitive reflex scores.
Children who generically completed the movements, four or
more times a week showed a statistically significant reduction
in primitive reflex scores (p = 0.018) (Table 1, 2, and 3). Table
1 compares the reflex scores of the Control and Intervention
groups with the scores of children who used the movements
four or more times each week or less than four times each
week. While all scores were reduced over the research period,
the greatest reduction was shown in the children using RMT
four or more times each week. Their mean scores went from
4.37 to 1.31, whereas the children using the movements less
than four times a week went from 3.99 to 2.50.

Table 2 shows that using a linear mixed-effect regression
model, statistically significant differences were detected be-
tween the group of children using RMT four or more times
each week (p = 0.018) when compared with children using
RMT less than four times each week. Table 3 shows that over-
all there was not a statistically significant difference between
the reflex profiles of the two groups.

Findings and results; socio-economic status and reflex profiles

The SES spread of the participants in the research groups
was across all levels and was similar to the general population
in New Zealand. An analysis of variance (ANOVA) test was
calculated using the SES (decile) rating of each school and the

Primitive reflex profile by group

0 1 2 3 4 5 [} 7 8 ]

Combined primitive reflex score (TR, ATNR, Spinal Galant)

= =
= ¥}

o

Number of children
EY o

N

mGroup 1 Intervention  m Group 2 Control

Figure 1: Primitive reflex profile scores for each group.
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Table 1: Mean reflex profile scores.
Reflex Profile Scores at Time 0 (Day 1) Reﬂe)((l\l/)lli‘(éf_ill)iisnctog :ya;})‘ime 1 ?gfﬁ;f;gﬁ:fg:;?ls 6a)t Time2
Group 1\C/)[Veralll Males Females Overall Males Females Overall Males Females
(SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Control 4.11 (2.27) 4.29 (2.03) 3.91(2.54) | 3.48(1.94) | 3.63(1.74) | 3.32(2.17) | 2.24(2.02) | 2.38(1.74) | 2.09 (2.33)
Intervention | 4.08 (2.04) 4.42 (2.23) 3.08 (1.80) | 2.67 (1.64) | 2.69(1.52) | 2.56(1.79) | 1.63(1.58) | 2.23(1.66) | 1.04(1.28)
<4/week | 3.99 (2.21) 4.34(2.09) 3.64(2.29) | 3.32(1.94) | 3.57(1.67) | 3.08(2.17) | 2.50(1.87) | 3.18(1.40) | 1.96(2.03)
>=4/week | 4.37(1.93) 4.40 (2.26) 4.33(1.61) | 2.33(1.24) | 2.13(1.25) | 2.58(1.24) | 1.31(1.57) | 1.61(1.43) | 0.90(1.52)
Note. M = Mean, SD = Standard Deviation
Table 2: Coefficient estimates for reflex profile using model 2: frequency.
Reflex Profile Estimate Std - error t-value p-value
Expected response for the >=4/week group at Day 0 4.21 0.33 12.42 <0.0001
Expected difference in response of the <4/week and >=4/week groups at Day 0 -0.21 0.41 -.51 0.6040
Expected effect of adding days to the >=4/week group -2.81 0.33 -8.36 <0.0001
Expected difference in the effect of adding days for <4/week and >=4/week groups 1.10 0.46 2.39 0.018*
Table 3: Coefficient estimates for reflex profile using model 1: group.
Reflex Profile Estimate | Std-error | t-value p-value
Expected response for the control group at Day 0 4.17 0.28 14.63 <0.0001
Expected difference in response of the intervention and control group at Day 0 -0.23 0.39 -0.58 0.5569
Expected effect of adding days to the control group -1.88 0.28 -6.58 <0.0001
Expected difference in the effect of adding days for the intervention and control groups -0.52 0.39 -1.33 0.1844

reflex profile scores of the children. Table 4 shows that there
was no statistically significant difference between the reflex
profiles of children in low SES and high SES, but there was a
difference between the middle and low SES. The children in
the middle SES school had slightly higher reflex profile scores
than the low and high SES as is shown in Figure 2.

Findings and results — reading

Hermeneutic circles were used to establish the reoccurring
themes in the qualitative data findings. This section focuses on
student achievement findings, particularly concerning reading.
Teacher comments were recorded throughout the 11 months of
the research. With each class divided into a control and inter-
vention group, most teachers did not notice differences in the
group at five months. However, Betty, who was in a 69-child
class with three teachers, had her whole class in the interven-
tion group, and she observed that her parent interviews had a

Rl

= = =
Dacle ratng fer Scenool

Figure 2: Boxplot showing reflex profile scores in relation to School SES
rating.

different flow that year. She observed that she had made the
comment "Your child has discovered that he/she is a learner."
to a greater number of parents than she would normally mid-
way through the year. Gwen, a 25-child class with one teacher,
was observed with a child mid-way through the year:

Now (child) we need to spend some time working on your
Jfocus so that your work is easier for you to do. Are you
doing T's exercises? (Child replied "No"). Hmm, that is
interesting. (Teacher looked at me with an expression of
puzzlement and interest, and then smiled) (Gwen,).

Gwen appeared to have connected the increase in focus of
other children in the class, and this child with apparently less
focus was not in the intervention group.

At the end of the research, the teacher comments had a
noticeably different tone. Mildred, in a 49-child class with two
teachers, made the following comments:

1 can see the key competencies have increased, amazingly.
Across the curriculum, we started out within (the class)
two-thirds of the children, at and above in all subjects,
so they were higher than a standard mix of children.
But they are on track and continuing with that...They
are just really confident in the things that they like fo do.
Which is lovely. I mean this child (pointing to a video of a
child dancing) was completely shut down at the beginning
of the year, quiet, and very anxious all the time when she
Jorst started school and now, this year because she's able to
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Table 4: Pairwise comparisons using t-tests with pooled SD.

Low SES School (Decile 2) Middle SES School (Decile 5)
Middle SES School (Decile 5) p = 0.0096
High SES School (Decile 9)
p=>.9999 p=0.0760

be herself in the thing that she is extremely good at, and
that confidence filters into other areas of the curriculum
and she's just happy (Mildred).

'The other teacher in this 49-child class, Iris, made the fol-
lowing comments about the class:

Just their confidence in themselves and being around other
people. There were a lot of children that were not like that
at the start of the year. So, we are writing reports for all of
our Year 4's and anniversary and interims for all the other
children. From where we started, we have got one child
that was reading a level 4 at the start of the year who has
shot up to level 14 reading. What they are doing is amaz-
ing. Mildred takes the high readers, she's got more at level
29 and 30 than we have below that which is wonderful,
everyone has improved out of this world, it is just won-
derful to see the results, and it is just lovely.

Researcher: And how does that compare to other years?

I have not seen such big jumps in children's
achievement until this year. So yeah, it is lovely,

lovely to see (Iris).

Gwen also made comments about general academic
achievement. Her reference to stanines indicates the recording
of Progressive Achievement Tests used in NZ schools. Scaled
scores were created from raw test scores and these were placed
on a nine-level achievement scale for the year group. Moving
one or two stanines in a year is a good result, but moving three
stanines, as reported by Gwen, is considered excellent progress:

Very well academically, yes, they have all made some
large gains. My special needs student, in particular, has
made astounding progress. But they have all made some
gains. Even kids, with bebavioural needs. They have still
managed to make some gains. Some children have jumped
three stanines (Gwen).

Mildred noticed changes in her group concerning reading:

We have had the oral and interactive type part of literacy
improve as they have more voice, and more opportuni-
ties to interact as opposed fo just necessarily listening to
a teacher all the time. So that has increased vocabulary
really and that all plays out in literacy. I think they are
doing really well. They are continuing to track above and
continuing above, there is no plateauing that we are see-
ing at all, apart from maybe two that have learning dif-
Jreulties (Mildred).

Agatha was in an 18-child class and made the following
comments about the reading progress she had observed:

Yes, more than I am used to. I think a few years ago we

started the Early Words programme, and so that's been go-
ing now for four years, running alongside our programme,
but even so, I think the exercises have certainly increased
their (the children’s) ability to focus for longer or the way
that it is all clicking, I don't know, I can’t explain if, but
1 certainly feel there is a noticeable difference (Agatha).

She then spoke to a graph she had where current chil-
dren's reading progress was compared with previous years:

When they came to school, sometimes they were in ma-
genta for most of a term, but now I am finding that they
are going into reds and yellows quite quickly, and they are
making huge jumps. So, for instance, (this year) the range
is better than the past, the range is turquoise and orange
whereas here it is lots of children in the (blue and green)
20s like A (child), he went up to level 23 (Agatha).

The reading levels used in NZ schools can be found as
part of the Ministry of Education resources [46].

The general perceptions of teachers were that their chil-
dren's overall reading progress through the levels was greater
than they had noticed in previous years. The results in the next
section support these comments.

Teachers completed testing at three points during the re-
search: beginning, middle, and end. Table 5 shows the mean
scores for the three test points. The initial scores of the con-
trol group, 9.65 (3.86), increased to 12.70 (4.53), while the
intervention group went from 8.27 (3.43) to 11.31 (3.45). The
frequency of times the movements were completed each week
was factored in, and the group using RMT for four or more
times per week went from 9.22 (3.56) and moved to 13.96
(4.59), and the group using RMT for less than four times per
week went from 8.80 (3.60) to 10.46 (2.17).

Table 6 shows that the control group reading scores in-
creased on average by 3.05, and the intervention group in-
creased by 3.42 during the research. A statistically significant
difference between the groups was not detected (p= 0.3763).

However, in Table 7, the statistical model included fre-
quency of movement completion as a factor. This meant that
a statistically significant difference was detected (p = 0.0020)
between the group that completed the movements four or
more times per week and those that completed the movements
less than four times per week. Reading scores for the 'four or
more' group increased by 4.04 units, and the 'less than four'
group increased by 2.52 units.
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Table 5: Mean reading scores.
Reading Scores at Time 0 (DayD) | Refiing Seores st Tme ! R e Sag 316}
Group 1\(?Ivemll Males Females Overall Males Females Overall Males Females
(SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Control 9.65 (3.68) | 10.46 (3.48) | 8.77(3.77 | 10.80(3.37) | 11.58 (3.67) | 9.95(3.68) | 12.70 (4.53) | 13.71(4.72) | 11.59 (4.12)
Intervention | 8.27 (3.43) | 8.23(3.67) | 7.89(3.25) | 9.87(4.06) | 10.04 (4.54) | 9.69 (3.60) | 11.71(4.02) | 12.12 (4.55) | 11.31(3.45)
<4/week | 8.80(3.60) | 9.40(3.62) | 8.22(3.54) | 9.92(3.67) | 10.51(3.67) | 9.33(3.62) | 10.46 (2.17) | 10.77 (1.85) | 10.21 (2.39)
>=d4/week | 9.22(3.56) | 9.07 (4.04) | 9.42(3.20) | 11.33 (4.41) | 11.40 (5.26) | 11.25 (3.28) | 13.96 (5.14) | 14.54 (5.50) | 13.15 (4.59)
Note. M = Mean, SD = Standard Deviation.
Table 6: Coefficient estimates for reading using model 1: group.
Reading Estimate Std - error t-value p-value
Expected response for the control group at Day 0 9.59 0.53 18.05 <0.0001
Expected difference in response of the intervention and control group at Day 0 -1.28 0.72 -1.75 0.0824
Expected effect of adding days to the control group 3.05 0.30 9.96 <0.0001
Expected difference in the effect of adding days for the intervention and control groups 0.37 0.42 0.88 0.3763
Table 7: Coefficient estimates for reading using model 2: frequency.
Reading Estimate Std - error t-value p-value
Expected response for the >=4/week group at Day 0 8.93 0.49 17.89 <0.0001
Expected difference in response of the <4/week and >=4/week groups at Day 0 0.02 0.47 0.05 0.9588
Expected effect of adding days to the >=4/week group 4.04 0.36 11.14 <0.0001
Expected difference in the effect of adding days for <4/week and >=4/week groups -1.52 0.48 -3.14 0.0020™

Discussion

Retained primitive reflexes are an identified issue for
some children across all SES levels. With increased levels of
stress and limitations restricting movement placed on fami-
lies through the COVID-19 control measures, teachers may
see a decrease in academic skills and an increase in social and
emotional challenges. When children have retained primitive
reflexes, they find physical skills associated with reading chal-
lenging [47-49]. Thelen's [23] theories focus on regular move-
ment opportunities for infants as neurological development
progresses. She demonstrated that infants used movement to
achieve goals and that this process facilitated brain matura-
tion. When this theory is combined with the phenomenon of
retained primitive reflexes where movement is used for reflex
integration, there is a possibility that the quality of movement
experiences early in life will then impact achievement and be-
havioural outcomes in the primary school years and beyond.
This suggests that early intervention with infants to ensure a
range of high-quality movement opportunities would be op-
timal. Parents and teachers need to factor this into children's
daily programmes. However, this research focused on school-
aged children who arrived at school with primitive reflexes still
in place. As the literature implies, there is an association be-
tween retained primitive reflexes and academic outcomes for
children. If taking a 'bottom-up' approach to development, it
would appear that working to address early movement deficits
through a primitive reflex-integration programme would po-
tentially reduce some challenges faced by children at school.

Research using reflex integration programs such as INPP
[28] and Primary Movement Program [21, 30] have shown
improvements in reading, writing, mathematics, and spelling.
While these programmes used different movements, and the
time completing the research was longer, the RMT results
also show improvements in reading and reduced reflex profile
scores. This range of research information supports the use of
reflex integration programs and increases the options available
to teachers.

Donovan and Radosevich's [25] Distributed Practice
Theory supports the need for short practices, often, as a way
to increase skills. This theory implies that a movement based
intervention for retained primitive reflexes is likely to have the
greatest effect. Still, the programme needs to be completed
often and regularly, just as a baby prefers to move as often as
possible. This means that an intervention programme needs
to be easy for teachers to implement with a small time allo-
cation to achieve results. The results reported were achieved
when RMT was used four or more times a week, supporting
Distributed Theory Practice. Significant improvements were
observed when a movement programme [50] of 30 minutes
was used three or more times each week over ten months. In
this research, the findings indicate that RMT aligns with this
need for short practices over an extended period when used
generically in a classroom.

Williams [50] found that children engaged in a move-

ment programme improved their reading scores during the
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year of the research when compared to a control group. When
children engaged with the RMT movements four or more
times each week, this research found a statistically significant
improvement in their reading scores. Teachers also comment-
ed on the positive changes they noticed in their children's
reading. The children in this research had elevated reflex re-
tention profiles, possibly triggered by earthquakes many of the
children had experienced. Stress is considered to be a factor
in the retention of reflexes [5, 45], as shown in the high reflex
profile scores of the children who had experienced an earth-
quake. This has implications for children experiencing other
disasters/pandemics/war or high stress levels, particularly pre-
and post-birth [51-53]. Rather than focusing resources on
skill deficits, this research suggests that some focus on retained
primitive reflexes would effectively improve reading outcomes
for children. The group of six to eight-year-olds in this re-
search engaged with the movements, but it is possible that it
may be more challenging to get older children to participate at
the same levels. Using the intervention with younger children
would be seen as early intervention. Further research in this
area would be needed to establish how this could be imple-
mented and which techniques were effective.

Limitations

The research design and the testing requirements in the
NZ education system were the two main limitations of this
research. As already indicated, useful data was gained after
five months of intervention when only the intervention group
completed the movements. Research from other sources cited
in this article all lasted for one school year, and groups were
defined by individual classrooms, meaning that the teacher ef-
fect could be a factor. However, this research shows that after
five months of using the movements, a statistically significant
change was observed in the reading scores. It is not clear if
the movements were the cause of the changes, but match-
ing groups for gender and SES and having multiple teachers
teaching the children, suggests that this is worthy of further
investigation.

'The second limitation was the testing used in the research.
Due to the need to test children's reflexes, it was decided to
use the NZ National Standards testing completed by class-
room teachers. The effort to ensure young children were not
over-tested was considered acceptable, alongside the fact that
this was regarded as exploratory research in an area with limit-
ed evidence. Further research would need to use independent
standardised testing. Changing the research design to the for-
mat used by other researchers, a whole classroom of children in
the same group, would mean testing could be completed twice
during the data gathering, thus reducing student test fatigue.

Conclusion

This article recommends that retained primitive reflexes
should be considered by teachers and parents when monitor-
ing student achievement, in this case reading. This is particu-
larly relevant during the global pandemic with the associated
stress and restrictions. For some children, the basis of their
challenges could be grounded in their reflex system's immatu-
rity. When this is the case, it would be appropriate to include

a reflex integration programme within the range of strategies
used to help increase learning outcomes. This research has in-
vestigated the use of the reflex integration programme RMT
to increase reflex maturity in children. Results show a decrease
in the retention of four of the children's primitive reflexes, and
there was a statistically significant increase in the children's
reading scores. This indicates that the five minutes per day,
four or more times per week, is a useful investment of time for
the student and the teacher.
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