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Abstract

Due to the lack of tools that can be easily used by practitioners, there is a need to develop acceptable embedded ways to
assess children’s fine motor skill development within early childhood education and care settings. This study examined the
validity and reliability of a brief and ecologically valid fine motor assessment tool for preschool-aged children; the fine
motor growth assessment (i.e., FINGA). Children’s fine motor performance on FINGA was compared with widely-used and
validated performance-based (Peabody Developmental Motor Scales 2nd edition) and informant-based (Ages and Stages
Questionnaire 3rd edition) fine motor assessments. Ninety-one children [mean age (y) +SD =4.50y +0.68] were assessed
within seven early childhood education and care services in New South Wales, Australia. Exploratory factor analyses
(EFA) and linear regression analyses showed that FINGA had good internal consistency (EFA of 73%) and age sensitiv-
ity (Byq=0.69, p<0.001), and bivariate correlation analyses demonstrated good concurrent validity (rs from 0.69 to 0.84,
ps<0.001) against the two comparison assessments. Because of its brevity and ecological validity, the FINGA tool should
be further examined as a routine fine motor skills assessment administered within the context of universal early childhood

education and care service provision.
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Introduction

From an early age, fine motor skills are necessary for many
everyday activities (e.g., getting dressed, eating, crafts,
etc.) and for successful engagement in early learning expe-
riences that young children are presented. Fine motor skills
consist of actions that require the use of hand or finger
movements, along with visual perception integration that
allows hand—eye coordination to ensure appropriate physi-
cal responses (Luo et al., 2007). Within preschool and pri-
mary school settings, daily routines and activities inherently
involve opportunities for children to engage in and practice
fine motor skills (Caramia et al., 2020; Marr et al., 2003).
Several studies estimate that between 10 and 24 percent
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of pre-school-aged children have fine motor skill deficits
(Bello et al., 2013; Handel et al., 2007; Troude et al., 2011).
Despite this high rate of early fine motor difficulty, there is
consistent evidence that interventions delivered through pre-
school settings can produce meaningful benefits for children
(Strooband et al., 2020a, 2020b). The high prevalence of
fine motor delay together with evidence of such efficacious
interventions indicates a need for increased awareness and
early identification, so that adequate support can be pro-
vided within the context of young children’s ongoing daily
activities.

A systematic review of motor skill interventions and fine
motor development in young children found that, despite
variation in programs and approaches, most intervention
programs were successful in promoting fine motor skills
(Strooband et al., 2020a, 2020b). Importantly, most of these
interventions were implemented in preschool settings and
led by early childhood educators. These findings strongly
support the feasibility of bringing about wide-spread
improvements in young children’s fine motor skill devel-
opment through educator practices embedded in universal
preschool programs. Given that approximately half of all
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children world-wide are enrolled in early childhood edu-
cation services before age 5 (OECD, 2016), there is great
potential to positively impact young children’s development.

For motor skill interventions to be most effective, how-
ever, fine and gross motor experiences need to be tailored to
children’s needs and target skills known to be predictive of
later development (Strooband et al., 2020a, 2020b). Tailor-
ing experiences requires accurate assessment and differen-
tiation of children based on ability, which has traditionally
depended on the administration of a variety of measurement
tools (e.g., peabody developmental motor scales, the move-
ment assessment battery of children, Bruininks—Oseretsky
test of motor proficiency) by trained personnel. While a wide
range of fine motor skill assessments are available, there
are limitations (e.g., time consuming, expensive, complex
in its use) for their use by early childhood education prac-
titioners, despite the fact that they are most likely to work
with children on a daily basis and are normally responsible
for planning and implementing educational programs. Cur-
rent motor skill assessments (e.g., Peabody Developmental
Motor Scales, the Movement Assessment Battery of Chil-
dren) are poorly suited for this audience, as they are decon-
textualized from children’s everyday activities, provide little
information to educators about the diversity of fine motor
abilities, and are often expensive and difficult to adminis-
ter or can only be used by credentialed individuals. Cur-
rent assessments are also not designed to support educators
so that they become better able to observe and understand
the growth of children’s fine motor skills across various
domains (e.g., fine motor precision, fine motor integration,
bilateral coordination). The opportunity to provide educators
with accurate fine motor skill assessment tools comes at a
time when there is a substantial evidence base document-
ing positive associations, both concurrent and longitudinal,
between various measures of children’s fine motor skill and
their development in other key areas of learning, such as
cognition, school attainment and gross motor development
(Cameron et al., 2012; Oberer et al., 2017; Strooband et al.,
2020a, 2020b), along with the benefits of early identification
and issuing educational intervention (Oberklaid et al., 2013).

Despite the need and opportunity to better respond to
young children’s fine motor skill development and learning
needs, there is a lack of clarity about how best to describe
and assess the various components of children’s fine motor
skills. Several overlapping terms have been used to describe
the nature and complexity of fine motor skill and its com-
ponents [e.g., manual dexterity, visual motor skills; see
(Strooband et al., 2020a, 2020b)], yet there is little empiri-
cal basis to support effective differentiation of these fine
motor components by early childhood educators. This lack
of clarity contributes to difficulty identifying which skills
are most indicative of children’s abilities and developmental
outcomes, as well as how to discern whether children’s skills
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are improving. In the absence of a shared understanding
about children’s developmental attainment and appropriate
tools to evaluate progress, many young children will con-
tinue to have unrecognised difficulties and delays, or their
developmental needs will not be adequately catered to.

Currently within the literature, there are two predomi-
nant approaches to assess children’s fine motor skills: per-
formance-based tests and informant-based questionnaires
(Matheis & Estabillo, 2018). Performance-based fine motor
assessments usually incorporate numerous structured tasks
for which children must perform activities involving visual
motor skills (e.g., drawing to copy an image), manual dex-
terity (e.g., threading beads), and motor coordination skills
(e.g., bouncing a ball). The Peabody Developmental Motor
Scales (Folio & Fewell, 2000) and Bruininks—Oserestky Test
of Motor Proficiency (Bruininks & Bruinicks, 2005) have
been two of the most widely used assessments and both must
be administered by trained examiners, thereby, often limiting
accessibility of the tools to specific groups of professionals
(e.g., researchers, occupational therapists).

Informant-based assessments collect ratings of children’s
fine motor skills by those who know them well or have mul-
tiple chances to observe them; they can be completed by par-
ents, educators or researchers depending on the instrument
and the context. These approaches are often used for large-
scale research due to time efficiencies and cost-effectiveness.
Notwithstanding these advantages, such methods are less
feasible for establishing or evaluating interventions, and they
are less informative when used to differentiate children’s
abilities for the purpose of educational planning or program-
ming (Larkin & Cermack, 2002; Matheis & Estabillo, 2018).
Furthermore, there are suggestions of biases in the results
of informant-based assessment of children’s development
given that respondents (e.g., parents, educators) differ in
their understanding of developmental progression and their
ability to accurately situate a child’s abilities along a con-
tinuum of development (Howard et al., 2019).

Despite the limitations of current assessment methods,
there remain no validated assessments that focus on utility
for those who work directly with young children in early
childhood education and care (including preschool) contexts.
Such an approach would have clear advantages in supporting
differentiated programming while at the same time fostering
greater understanding of children’s fine motor development
and associated practices amongst those with an opportunity
to affect change in children’s trajectories and outcomes.

There is therefore a need to develop a scalable, low-
cost, and embedded way to support early childhood edu-
cators to identify fine motor skill development and delay,
and thereby, foster children’s development within the con-
text of ongoing educational programs. This study reports
on the development and initial evaluation of a novel early
years fine motor skill assessment designed for use by early
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childhood education professionals but with the aim to match
the psychometric properties of current performance-based
assessments. This observational assessment tool, the fine
motor growth assessment (FINGA), was designed to meas-
ure fine motor skill development in 3-5 years old children.
Implementation and evaluation of this tool generated data
to: (1) evaluate the construct validity and internal consist-
ency of FINGA; (2) evaluate its concurrent validity with
performance-based (e.g., Peabody Developmental Motor
Scales, PDMS-2; (Folio & Fewell, 2000) and informant-
based tools [e.g., Ages and Stages Questionnaire, ASQ-3;
(Squires & Bricker, 2009)]; and (3) investigate and compare
developmental sensitivity across the respective measures.

It was hypothesised that FINGA would: (a) show good
construct validity and internal consistency; (b) correlate
strongly with existing measures of fine motor ability; and
(c) indicate good developmental sensitivity. Furthermore,
based on the extant literature which generally shows that
girls outperform boys on fine motor ability assessments
(Comuk-Balci et al., 2016; Dinehart & Manfra, 2013; Stroo-
band et al., 2020a, 2020b), this study also compared the
performance of girls and boys.

Materials and Methods
Participants

Ninety-one children aged 3-5 years were recruited from
seven early childhood education and care services within
the Illawarra region of New South Wales, Australia. While
the study was geographically constrained to the Illawarra
area, the participating services were situated in commu-
nities with families from a wide range of socioeconomic

and cultural backgrounds; falling within deciles 1-7 on the
Australian Bureau of Statistics’ Socioeconomic Indexes for
Areas (ABS, 2008). In line with the distribution of ages of
children attending these services, there were comparatively
more 4-year-olds (n=41; 43.9% girls) than 3-year-olds
(n=24; 54.2% girls) and 5-year-olds (n=26; 57.7% girls).
Participating children had no formal diagnoses of develop-
mental delay. Prior to data collection, parent(s) or caregivers
provided written informed consent and each child provided
verbal assent to participate.

Measures
Fine Motor Growth Assessment (FINGA)

FINGA was developed to measure fine motor development
of children aged 3-5 years by observing and rating their
performance on two tasks that tapped different domains of
fine motor skill ability through the completion of various
activities: (1) an individual paper-plane building task, which
was designed to engage and assess fine motor precision, fine
motor integration, bilateral coordination, motor coordina-
tion, pencil grip and grapho-motor skills; and (2) a group
copying-cards game task, which was designed to assess fine
motor precision, fine motor integration, bilateral coordina-
tion, motor coordination, object manipulation and fine motor
speed. Table 1 summarises the FINGA tasks and activities
in relation to eight domains of fine motor skill ability. The
tasks and domains were selected on the basis of a pilot pro-
cess to evaluate acceptability and psychometric function of a
range of potential items for inclusion. FINGA was designed
to be engaging and consistent with activities and practices
that occur in early childhood education contexts. Children
were assessed in a quiet space at their preschool by the first

Table 1 FINGA observer rating overview for the individual (paper plane) and the group (copying-cards) tasks

3. Bilateral
coordination

1. Fine motor 2. Fine motor
precision integration

Tasks (and activities)

4. Motor
coordination

5. Pencil grip 6. Grapho-

motor skills

7. Object 8. Fine
manipulation motor
speed

Individual

Name writing
Drawing yourself
Copying shapes
Copying letters
Cutting a line

L B - B B

Folding paper
Throwing plane
Group
Threading X X X
Bricks (Lego)
Blocks X X X

>

Fa T B
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author, who led the design and development of FINGA.
FINGA activities and scoring protocols are described below.

FINGA Individual Task: Paper-Plane The individual task was
performed one-on-one and engaged children in a series of
stepped activities necessitating writing, drawing, cutting,
folding, and grasping. To begin, the facilitator displayed
a completed paper-plane model to the child and asked the
child if they wanted to build one just the same (all children
agreed they did). Prior to each specific activity, the facilita-
tor briefly explained the requirement of the task to the child;
e.g., “Do you see the red box up here (point at red-box), can
you try to write your name in the box?”” (The script is avail-
able on request from first author). If children were unsure or
hesitated for an extended period, which was rare, they were
gently re-oriented to the task and the activity was explained
again. The child had an assortment of drawing/writing uten-
sils (i.e., pencils and markers) to support their activity but
they chose which items to use themselves. Scissors were
handed directly to the children for cutting. The stepped
activities of the paper-plane creation were as follows: name
writing; drawing yourself; copying three shapes; copying
letters; cutting along a line; folding paper along multiple
lines; and throwing the plane. There were minor alterations
for each age group (i.e., 3-, 4- and 5-year-olds) to increase
the level of difficulty. These included shape variation (i.e.,
line, circle, square and triangle) and the orientation of the
cutting line. Table 1 shows which abilities the facilitator
explicitly observed during each task. The duration of this
activity varied from 4 to 10 min per child.

FINGA Group Task: Copying-Cards The group task was a
building game in which children were presented with a pic-
ture of a block design made with threaded beads, LEGO™
blocks or wooden blocks. Children had to recreate the
design with the relevant materials with complexity of design
increasing as the game progressed. This task was adminis-
tered in pairs incorporating activities with two children at a
time. A constrained model was used here to ensure integ-
rity at this level, nonetheless, future research will explore
whether other groupings are equally possible. Building
activities proceeded as follows: threading coloured shapes
(4 trials of increasing complexity; i.e., increasing number
of beads and smaller sized beads); building with LEGO™
(6 trials of increasing complexity; increasing the number
of bricks and increasing the size and number of elements);
and building with blocks (6 trials of increasing complexity;
increasing the number of blocks and varying the position-
ing). As with the individual task, if children were unsure or
hesitated for an extended period, which was rare, they were
gently re-oriented to the task and the step was explained
again. This task took approximately 20 min to complete,
yielding a duration of 10 min per child.
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FINGA Observer Scoring Sheet The FINGA observer scor-
ing sheet (see “Appendix A”) was designed for the assess-
ment of eight discrete components of fine motor ability, (see
Table 1): (1) fine motor precision (precise control and accu-
racy of hand and finger movements); (2) fine motor inte-
gration (use of visual perceptual skill in combination with
correct hand/finger response); (3) bilateral coordination
(coordination of both sides of the body effectively operat-
ing simultaneously); (4) motor coordination (combination
of efficient pace and power with hand/finger movements);
(5) pencil grip (competence and technique of grasping and
holding a pencil); (6) grapho-motor skills (capacity of suc-
cessful writing and drawing); (7) object manipulation (grasp
and control of small object with hands and fingers); and (8)
fine motor speed (time to successful completion of object
manipulation tasks).

Each component was scored separately. A brief descrip-
tion of the target ability and examples of how observations
should be used to make ratings of children’s fine motor per-
formance within the activities were included on the scoring
sheet (see “Appendix A”). The facilitator rated each child
individually, immediately on completion of the activity. Rat-
ings were on a 5-point Likert scale; 1 indicated an inability
to complete the task and 5 indicated excellent proficiency
on the relevant ability.

Although there was some overlap between the two
FINGA tasks, each one only engaged a subset of the fine
motor components assessed (see Table 2). Components 1
to 4 were scored in both individual and group activities.
Component 5 and 6 were only rated during individual activi-
ties (i.e., paper plane), and components 7 and 8 only during
group activities (i.e., copying-cards game). Therefore, both
tasks were rated for six fine motor skill ability components,
which were then used to generate a fine motor score for each
task; the average of the six components for the individual
task (i.e., 1-4, 5 and 6) and the group task (i.e., 1-4, 7 and
8). While the properties of children’s responses to these two
different tasks were examined (see “Results”), there was no
a priori reason based on the evidence to expect that the two
tasks would discriminate specific aspects of children’s abili-
ties and, therefore, the possibility of creating an overall fine
motor score (i.e., FINGA aggregated score) was examined.

Peabody Developmental Motor Scales—Second Edition
(PDMS-2)

The PDMS-2 is a standardized assessment of children’s
gross and fine motor skills from birth through 5 years (Folio
& Fewell, 2000). This study only utilized the fine motor
components of the measure, which is divided into two sub-
tests: grasping and visual-motor integration. The grasping
subtest evaluates the ability to use hands, from holding an
object to more controlled use of the fingers of both hands
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Table 2 Descriptive statistics

Total (n=88)  3-year-olds (n=23) 4-year-olds (n=39) 5-year-olds (n=26)

Mean (SD) Mean (SD) Range Mean (SD) Range Mean (SD) Range
FINGA aggregated  3.66 (0.89) 2.82 (0.83) 1.44-4.19 3.70 (0.74) 1.69-4.88 4.36 (0.40) 3.38-4.81
FINGA Individual  3.59 (0.98) 2.75 (0.93) 1.33-4.17 3.63 (0.89) 1.17-5.00 4.26 (0.50) 3.17-5.00
FINGA Group 3.70 (0.95) 2.81(0.89) 1.50-4.67 3.75(0.77) 2.00-5.00 4.43 (0.53) 3.17-5.00
PDMS Gr 49.00 (3.78) 45.70 (4.15) 39.00-52.00 49.51 (3.36) 38.00-52.00 51.20 (1.33) 47.00-52.00
PDMS VMI 132.98 (9.90) 122.52(10.86)  96.00-135.00 134.76 (6.97)  105.00-143.00  139.76 (2.75)  133.00-144.00
PDMS STD 0.00 (1.78) —1.93 (1.81) —6.11t0 1.00  0.32(1.31) —3.21to0 1.81 1.26 (0.52) —0.53t0 1.91
ASQ-3 Re 47.09 (12.40) 41.74 (12.12) 15.00-60.00 46.08 (13.75)  5.00-60.00 53.27 (7.34) 30.00-60.00
ASQ-3 Edu 4730 (12.12)  39.21 (14.55) 10.00-60.00 4794 (11.75)  15.00-60.00 53.04 (5.38) 45.00-60.00

(e.g., child touches each finger to thumb within 8 seconds).
The visual-motor integration subtest measures the ability
to use perceptual skills to perform eye-hand coordination
tasks such as grasping objects and copying designs (e.g.,
folding paper in half twice with edges close to parallel).
Each test item is scored as 2, 1 or 0, with specific require-
ments related to each item and 2 being the best performance.
For the purpose of this study, raw scores for grasping and
visual-motor integration, as well as a standardized (un-nor-
med) score combining grasping and visual-motor integra-
tion, were used because of the interest in age related trends
and direct comparison with FINGA (for which there is not
normed data). The PDMS-2 Fine Motor Quotient was cal-
culated on the basis of the standard scores within the PDMS
manual for grasping and visual-motor integration so as to
fully describe the sample. The current sample had a mean
fine motor quotient of 101.57 + 12.96, which indicated that
it was, overall, a typically developing sample. The PDMS-2
fine motor component has excellent test—retest and interrater
reliability (0.94 and 0.98, respectively; (Folio & Fewell,
2000). PDMS-2 validity has been well established, includ-
ing internal consistency (x=0.89-0.97) and content validity
(Folio & Fewell, 2000), as well as concurrent validity with
the Movement Assessment Battery for Children (r=0.69;
(van Hartingsveldt et al., 2005). The fine motor components
of the tool adopted for this study took 20-30 min to com-
plete per child.

Ages and Stages Questionnaires, Third Edition (ASQ-3)

The ASQ-3 is a developmental screening tool of children’s
communication, gross motor, fine motor, problem solving,
and personal-social abilities (Squires & Bricker, 2009). The
current study only utilised the fine motor subtest, which
consists of six items that vary for each age category (36,
42, 48, 54 and 60 months). For example, “Does your child
unbutton one or more buttons?”’, which is only questioned
with children at 48 and 54 months. For the purpose of this
research, room leaders and trained researchers completed

the fine motor subtest by scoring six items per child incor-
porating drawing, copying, cutting, and object manipula-
tion tasks. Assessors scored the items as not yet (0 points),
sometimes (5 points) or yes (10 points), based on children’s
ability to perform the activity consistently. The sum of the
six items was used as an indicator of children’s fine motor
development. The ASQ-3 has established strong test-retest
reliability (ICC range 0.75-0.82) and moderate inter-rater
reliability (ICC range 0.43-0.69), as well as high overall
concurrent validity (e.g. sensitivity =86.1% and specific-
ity =85.6%; (Squires et al., 2009). The ASQ-3 took around
5-10 min to complete per child.

Procedure

All assessments were administered in a quiet space in the
child’s early childhood education and care service. Assess-
ments were completed on the same day (or, where this was
not possible, on the next possible day), with a minimum
30-min break between assessments. The FINGA activi-
ties were administered by the first author. The PDMS-2
and ASQ-3 were administered by experienced and trained
data collectors who were blind to children’s performance
on FINGA. Data collectors had a minimum of 3 years of
experience of collecting child development data using vari-
ous tools, and for the purpose of this study participated in a
one-day refresher training on the administration of PDMS-2
and ASQ-3. The FINGA activities were video recorded for
the purpose of refining the FINGA protocols (e.g., scoring
components and descriptions). The ASQ-3 room leader
assessment was completed in the week after the research-
ers’ visit to the early childhood service.
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Results
Initial Data Exploration

The final dataset was screened for missing data. Three chil-
dren did not participate in any of the measures due to early
departure from their service (n=1), or not providing ver-
bal assent to participate (n=2). Two children were missing
ASQ-3 and PDMS-2 researcher ratings due to the leaving
the service early on the day of assessment, and an inability
to assess them at a later date. The final sample size used in
the analyses included 88 children. Other missing data was
due to educators (n=15) not returning the ASQ-3. Missing
data were excluded pairwise, because the primary aim of this
study was evaluation of the FINGA tool.

Construct Validity and Internal Consistency

For the first four components (i.e., fine motor precision, fine
motor integration, bilateral coordination, and motor coor-
dination), which were scored on both the individual and
group task, there were moderate inter-correlations between
all component ratings (s from 0.55 to 0.63, ps <0.001). The
dimensionality of the eight FINGA components was first
examined separately within each task, and then after their
combination, using exploratory factor analyses (EFA) with
a maximum likelihood estimation and direct oblimin factor
rotation. Adequacy of data for EFA analyses was demon-
strated by: weak to strong associations between all 12 com-
ponent ratings (i.e., six for each task; s from 0.25 to 0.88);
Kaiser—-Meyer—Olkin (KMO) > 0.89; and significance in
Barlett’s tests of sphericity (p <0.001). EFA results for both
tasks separately indicated a one-factor solution as indicated
by eigenvalues > 1 and screeplots. This factor explained 72%

Table 3 Concurrent associations between study variables

(individual: paper plane) and 81% (group: copying cards) of
the variance in the data.

The FINGA total scores (i.e., mean scores of the six
components per activity) for the individual and group tasks
were strongly correlated (r=0.76, p <0.001). There was a
non-significant difference [#(87)=1.64, p=0.105] in over-
all mean scores (see Table 2) between the individual and
groups tasks. In light of these findings, a single score was
generated for each of the first four components by averaging
the rating from the two FINGA tasks. These average scores
for components 1 through 4, along with the scores from the
components rated in only one task (5 through 8), were then
subjected to exploratory factor analysis (EFA). The EFA of
the combined scores also indicated a one-factor structure
that explained 73% of the variance. Reliability analyses con-
firmed the strong reliablity of this scale, Cronbach a=0.94.
As such, a FINGA aggregated score based on the sum of the
eight component scores used for the EFA was calculated for
subsequent analyses.

Concurrent Validity

Bivariate correlations between the FINGA (aggregated, indi-
vidual and group) and other fine motor assessments showed
that the aggregated FINGA score was significantly, strongly
and positively associated with each of the other fine motor
measures: PDMS-2 standardized (STD) (r=0.84, p <0.001),
ASQ-3 by researcher (r=0.69, p<0.001) and ASQ-3 by
educator (r=0.72, p<0.001). Separately, the individual
and the group tasks were correlated to a similar extent
with the other fine motor measures (see Table 3). Further
examination between FINGA ratings and the PDMS-2 fine
motor subscales (i.e., grasping and visual motor integration)
revealed moderate and strong positive correlations between
aggregated FINGA scores and the raw scores of grasping
(r=0.66, p<0.001) and visual-motor integration (r=0.83,

1 2 3 4 5 6 7 8 9 10

1. FINGA—aggregated - 0.94%* 0.93%x* 0.69%%* -0.11 0.66%* 0.83%%* 0.84%* 0.69%* 0.72%%*
2. FINGA—individual 0.91°%* - 0.76%* 0.63%%* -0.21 0.69%* 0.79%%* 0.83%%* 0.75%* 0.68%*
3. FINGA—group 0.88%%* 0.62%%* - 0.65%* —0.00 0.53%* 0.78%%* 0.73%%* 0.57%* 0.65%%*
4. Age - - - - —0.05 0.59%* 0.70%* 0.72%%* 0.40%* 0.44%*
5. Sex -0.12 -0.21 -0.01 - - -0.17 -0.13 -0.16 —0.30%* —-0.08
6. PDMS-2 Gr 0.44%* 0.54%* 0.21 - —0.15 - 0.59%* 0.89%x* 0.62%%* 0.44%*
7. PDMS-2 VMI 0.68%** 0.64%* 0.59%%* - -0.15 0.31%%* - 0.89%* 0.65%* 0.64%**
8. PDMS-2 STD 0.69%* 0.73%%* 0.49%x* - -0.19 0.83%%* 0.79%%* - 0.71°%% 0.61%*
9. ASQ-3 researchers 0.64+* 0.72%%* 0.43%* - —0.33%* 0.52%x* 0.56%* 0.67%* - 0.61%*
10. ASQ-3 educators 0.64** 0.58%%* 0.57%* - -0.02 0.25% 0.52%%* 0.47%* 0.53%* -

*p<0.05; **¥p <0.01, results of Pearson correlation are above the diagonal, and partial correlation controlling for age in months are below the

diagonal
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p <0.001). Given the strong association between age and
FINGA scores, the partial correlations were examined for
the study variables controlling for age. While controlling for
age did not alter the overall pattern of relations, the associa-
tion between the FINGA group activity and the PDMS-2
grasping subscale did become non-significant.

Developmental Sensitivity

Linear regression analyses were used to investigate age
effects on the FINGA score, and for the other fine motor
measures. The aggregated FINGA scores showed a signifi-
cant effect of age, F(1, 86)=76.16, p<0.001, R*=047,
B, 4=0.69. Also, significant age effects were found for:
PDMS-2 STD, F(1, 84)=91.00, p <0.001, R*=0.52,
B4=0.72; ASQ-3 researcher-completed, F(1, 84)=15.64,
p<0.001, R?=0.16, B;=0.40; and ASQ-3 educator-com-
pleted, F(1, 74)=17.58, p<0.001, R?=0.19, B, ,=0.44.
Examining the FINGA tasks separately, age was a significant
predictor for both the individual, F(1, 86)=57.39, p <0.001,
R?= 0.40, B,;=0.63, and group ratings, F'(1, 86)=63.35,
p<0.001, R*=0.42, B,;=0.65. There was a good distribu-
tion of FINGA scores by age, without ceiling or floor effects
(see Table 2).

Sex Effects

Independent samples #-test were used to examine potential
sex differences. FINGA aggregated scores did not show any
sex differences, F(1, 86)=1.09, p=0.300, nor did the indi-
vidual or group task. Similarly, the PDMS-2 STD, F(1,8
4)=3.50, p=0.065, and educator ASQ-3, F(1, 74)=0.138,
p=0.711, did not show a significant sex effect. Only ASQ-3
ratings by the researcher, F(1, 84)=5.71, p=0.019, yielded
a significant effect for sex and indicated that girls outper-
formed boys.

Discussion

The current study sought to examine the validity and reli-
ability of a novel structured observational measure to assess
young children’s fine motor skills. Analyses of FINGA data
indicated good concurrent validity when compared to two
existing and validated fine motor measures (i.e., PDMS-2
and ASQ-3), as well as good internal consistency and age
sensitivity. Overall, results revealed the FINGA approach
was suitable to validly and reliably capture young children’s
fine motor skills during ecologically valid activities. While
FINGA was specifically designed to engage a variety of fine
motor abilities and their application to a variety of early
years activities, results did not support a division of these

abilities into empirically discrete fine motor components for
the purpose of the current assessment.

While there are numerous validated fine motor skill
assessments available to researchers and health specialists,
they have not been specifically developed for use by early
childhood education professionals. In response, FINGA was
developed to respond to the unique advantages and oppor-
tunities that the early childhood education context presents,
and which are not currently catered to with existing tools.
Specifically, the benefits of using FINGA over existing
measures includes: (1) being easily and freely accessible to
a broader user base (e.g., researchers, early childhood prac-
titioners, community health specialists, etc.); (2) reaching a
large population of children due to the high proportion of
children within early childhood education settings (3) having
a lower completion time per child than other performance-
based fine motor assessments; (4) capturing a wider range of
children’s fine motor abilities; (5) having a clear link to com-
mon activities within the early childhood education context
and ecologically valid nature of the tasks; and (6) supporting
the capacity to differentiate children based on ability and
need so as to inform planning (e.g., individually tailored
learning experiences) for children’s learning and develop-
ment. However, FINGA has yet to be validated in the hands
of early childhood educators. Nonetheless, it is expected that
FINGA can support the early childhood education context
with early identification of fine motor difficulties, and there-
fore, shifting children’s fine motor outcomes.

The current findings revealed that the aggregated FINGA
score, as well as the separate task scores (individual and
group), were successful approaches for measuring children’s
fine motor skills. FINGA also has the potential to provide
educators with important qualitative information on various
fine motor abilities through observation of children’s per-
formance on the different activities. Despite this potential,
it is noteworthy that the factor analyses implied there was
no strong evidence to systematically identify the fine motor
ability components separately, from an assessment point of
view. It is therefore important to ask whether so many sepa-
rate components of fine motor skill need to be identified and
scored. Previous research by Larkin and Cermack (2002)
also highlighted the fact that other motor assessments strug-
gle to identify separate factor loading when examining fine
and gross motor tasks.

From a practice point of view, both early childhood edu-
cators and those more specialized in working with chil-
dren who have fine motor delay, require information from
children across a range of activities incorporating different
movements or coordination patterns in order to develop a
comprehensive understanding of fine motor capacity and
to establish approaches or plans to support an individual
child. In this sense, the FINGA activities provide a rich set
of valid options for practitioners when trying to support an
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individual child. It is also important to note that the FINGA
approach was validated on a sample of typically developing
children and it may be, in subsequent research, that the dif-
ferent components of fine motor ability take on more indi-
vidual significance within sub-groups of children experienc-
ing fine motor delay or impairment.

Currently, performance-based fine motor assessments
face some challenges because of a lack of developmental
sensitivity (Larkin & Cermack, 2002; Matheis & Estabillo,
2018) and population biases (van Hartingsveldt et al., 2005).
Assessments like PDMS-2, for example, primarily use quan-
titative outcome-based data to rate children’s performance,
which might not bring to light whether children use their fine
motor skills correctly to obtain the correct activity outcome
(Larkin & Cermack, 2002; Matheis & Estabillo, 2018).
Thus, those administering the PDMS-2 within the current
study identified that in some cases children received high
ratings even though they executed the tasks abnormally; e.g.,
holding scissors unusually (fine motor skill performance),
yet cutting straight lines (activity outcome). This limita-
tion has also been highlighted in previous work (Matheis
& Estabillo, 2018), suggesting such assessment strategies
(i.e., based on activity outcome rather than fine motor skill
performance) lack accuracy.

The fine motor component of the PDMS-2 has been found
to lack sensitivity in certain populations. Findings by van
Hartingsveldt et al. (2005), for example, showed that out
of a group of 18 Dutch children with fine motor problems,
according to the teachers, only seven children were identi-
fied by the PDMS-2 as having fine motor problems. Children
were also tested on manual dexterity with the Movement
Assessment Battery for Children using Dutch standards,
which indicated 14 children with fine motor problems. The
inconsistency between such results of performance-based
assessments may be caused by practical inaccuracy of tests
or cultural invalidity of measures.

In light of these issues with existing performance-based
assessments, there are some clear research opportunities
for those using the FINGA tool to improve consistency and
sensitivity in the identification of children with fine motor
delay. Importantly, the FINGA tool uses fine motor skill per-
formance rather than activity outcomes to rate children’s
developmental attainment. Furthermore, the principles
which have given rise to the FINGA tool approach (out-
lined above) mean that it will be easier to collect and share
large data sets that reflect greater diversity; FINGA by no
means addresses issues of cultural validity but it provides a
means to develop bespoke data sets for specific populations
or within specific conditions.

Despite these factors, it is critical to recognize that the
FINGA tool does not seek to replace existing assessments or
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undermine the expertise of professionals (e.g., Occupational
Therapists) working in this domain. Rather, it is the hope of
the authors that enabling formal assessment of fine motor
development through universal early childhood services will
increase awareness of children’s needs and abilities, facili-
tate earlier identification and referral, and empower early
childhood educators to better support children’s learning and
development both independently and in collaboration with
allied health professionals.

Finally, while there is some evidence suggesting girls
have more advanced fine motor skills than boys at equivalent
ages (Comuk-Balci et al., 2016; Dinehart & Manfra, 2013;
Strooband et al., 2020a, 2020b), no evidence was found in
the current study to support this hypothesis. PDMS-2 and
educator-ASQ did now show any gender effects. Nonethe-
less, ASQ scores completed by researchers did highlighted
that girls performed better than boys. Interestingly, FINGA
also did not reveal any differences between girls and boys.
It is possible that this is because the selected universal tasks
children had to perform during the assessment were based
on typical everyday preschool activities.

Conclusion

The initial findings regarding the viability of FINGA are
promising, showing very good internal consistency and
age sensitivity, as well as good concurrent validity when
compared to two already validated fine motor assessments.
There are still several stages, such as testing the inter-rater
reliability of the FINGA, that need to be completed before
use should be extended and scaled to ECEC practitioners.
As described by Larkin and Cermack (2002), reliable rat-
ings may require extensive training for practitioners to meet
observational guidelines and tactics. However, FINGA will
follow an existing model (Howard et al., 2018) from which
to design and deliver assessment training freely to a broad
user base entailing online training with reliability control
((Howard et al., 2019): PRSIST). This situates FINGA
within a successful model of delivery and scale, which has
already been translated to use in educational and research
settings around the world. FINGA in the hands of practi-
tioners has the potential to provide deeper knowledge on
fine motor skills and the trajectories of children’s fine motor
development. This information can help practitioners iden-
tify children who may be experiencing delay or difficulty in
fine motor skills, and as such provide them with educational
tailored support strategies or refer children to specialists
(e.g., Occupational Therapist) for further examination.
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Appendix A

Fine Motor Growth Assessment (FINGA)
OBSERVER SCORING SHEET

Child Name/ID: Child Sex: M/F Child Age: Rater: Date: / /
Activity Rated: Individual Paper-plane - Group Coping-cards
Rater Notes:

1. Fine Motor Precision 1 2 3 4 5

This component focuses on the child’s precision and attention for detail during the activity. To rate this component, you have to observe the child’s precise
control of hand and finger movements. Regarding the plane activity, does the child stay within the borders while writing, drawing, cutting and folding? At
a score of 1, a child repeatedly performs outside of the boxes/borders of the task. At a score of 5, a child pays close attention to detail in each component
and stays within boundaries all the time. Regarding the copying-cards activity, does the child close attention for detail and places the blocks, bricks and
beads accurately, as on the card? At a score of 1, a child repeatedly misplaces objects. At a score of 5, a child pays close attention for the position off each
object and ensures it is exactly in the right place.

2. Fine Motor Integration 1 2 3 4 5

This component focuses on the integration of visual perceptual abilities with the correct fine motor response during the activity (also known as visual motor
integration). To rate this component, you have to observe children’s use of their eyes in combination hands and fingers. Regarding the plane activity, what
is the child’s ability of drawing themselves and reproducing shapes? At a score of 1, a child is not able to draw themselves or copy shapes, nor letters. Ata
score of 5, a child is mindful when drawing him-/herself and is capable to accurately copy shapes and letters. Regarding the copying-cards activity, what is
the child’s ability of grasping objects and using these to build and reproduce specific designs? At a score of 1, a child is not able to reproduce any designs
after carefully looking at them. At a score of 5, a child is thoughtful when inspecting cards, which reflects to accurate reproduction of designs.

3. Bilateral Coordination 1 2 3 4 5

This component focuses on the coordination of both sides of the body working simultaneously during the activity. To rate this component, you have to
observe the children’s ability to use both sides of the body, arms, hands and fingers, at the same time in a controlled and efficient manner. Regarding the
plane activity, does the child make use of both hands during cutting and folding in an efficient and controlled way? Regarding the copying-cards activity,
does the child uses both sides of the body simultaneous to organize the objects effectively? For plane and copying-cards activity, at score of 1, a child does
not use his/her non-dominant hand during any point in the activity to assist the dominant hand. At score of 5, a child’s non-dominant makes contribution
during the activity by assisting the dominant hand, which results in more accurate and controlled movements.

4. Motor Coordination 1 2 3 4 5

This component focuses on the child’s ability to match their arm and hand movements with pace and power during the activity in a coordinated way. To
rate this component, you have to observe children’s competences of using objects with the correct force (e.g. finger strength). Regarding the plane activity,
does the child have control when using a pencil or throwing the plane? At score of 1, a child has poor pencil control or difficulties holding and throwing
paper plane. At score of 5, a child has great pencil control and is able to hold and throw the plane with force. Regarding the copying-cards activity, does the
child have control when pushing bricks together or when threading? At score of 1, a child is not able to push bricks together, nor able to tread. At score of
5, a child pushed bricks and threads with ease.

5. Pencil Grip (Plane only) 1 2 3 4 5

This component focuses on the child’s ability to grasp and hold a pen or pencil during the plane activity. To rate this component, you have to observe
children’s technique when grasping a pen or pencil and their skills to move the hand while holding the pen or pencil. Regarding the plane activity, what
kind of pencil grip (e.g. cylindrical, digital, modified tripod or tripod grasp) uses the child during writing and drawing? At score of 1, a child has a
cylindrical grasp (e.g. holds the pen as an hammer) and shows no controlled movements. At score of 5, a child has a tripod grasp (e.g. three-finger grip,
where pen or pencil is in between thumb and index finger while resting on the middle finger) and has smooth control over the movement of the pen or
pencil.

6. Grapho-motor Skills (Plane only) 1 2 3 4 5

This component focuses on the child’s ability to combine motor, cognitive and perceptual skills to be able to write and draw during the plane activity. To
rate this component, you have to observe the children’s manual operation of a pen or pencil during writing or drawing about themselves. Regarding the
plane activity, does the child define his/her thoughts through writing or drawing? At score of 1, a child is not able to write his/her name or draw any parts of
his-/herself. At score of 5, a child is able to form letters from his/her name and draw parts of themselves.

7. Object manipulation (Copying only) 1 2 3 4 5

This component focuses on the child’s ability to grasp and control small objects with their hands during the copying-cards activity. To rate this component,
you have to observe the children’s competences to control the movements of small objects with their hands. Regarding the copying-cards activity, can the
child grasp objects and manipulate these with care? At score of 1, a child is not capable of grasping small objects or is continues dropping objects. At score
of 5, a child has great ability of grasping small objects and moving these objects within one or between two hands.

8. Fine Motor Speed (Copying only) 1 2 3 4 5

This component focuses on the child’s ability to manipulate objects in a quick but coordinated manner. To rate this component, you have to observe the
time it takes children to complete a task successfully. Regarding the copying-cards activity, how long does it require for a child to complete the task
correctly? At score of 1, a child requires excessive amount of time to complete a single design. At score of 5, a child completes designs rapidly without
reducing their accuracy and control during the task.
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