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1. Introduction

Motor imitation (hereafter ‘imitation’) is a powerful mechanism to learn motor skills and to facilitate comprehension of
other persons’ actions and mental states (Hurley & Chater, 2005). The term imitation has many definitions (Sevlever & Gillis,
2010). There are however two connotations in which it is most commonly used. The first defines imitation as the capacity of
an individual to replicate an observed motor act (Prinz, 2002). The second defines imitation as the capacity to acquire, by
observation, a new motor behaviour and to repeat it using the same movements employed by the demonstrator (Tomasello,
Carpenter, Call, Behne, & Moll, 2005).

Imitation skills occur without direct training in typically developing children and play an important part in the
development of age-appropriate praxis and social skills (Masur, 2006). Imitation avoids time-consuming trial-and-error
learning. In reproducing the exact and detailed features of the demonstrator’s actions, children are likely to successfully
complete the intended actions, even with a limited understanding of their purpose. Faithful copying can be used to
disentangle the goal of an action to be imitated when it is not completely clear to the child (Lyons, Young, & Keil, 2007).
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A B S T R A C T

The teaching of imitation skills is often the first step in interventions for young learners

with intellectual disabilities. The main goal of this study was to determine the smallest

detectable difference (SDD) at 95% confidence of the Preschool Imitation and Praxis Scale

(PIPS) in preschoolers with intellectual disabilities. Two raters independently scored

videotapes of the imitation performance of 44 preschoolers (27 with Down syndrome, 10

with Non-Specific Mental Retardation and 7 with Low-functioning Autism) between 13

and 58 months of age (mean age 39.6 months, SD 11.9 months). Results revealed that the

PIPS demonstrated acceptable interrater reliability on item level (weighted kappa values

ranged from 0.52 to 0.96) and scale level (ICC = 0.986; 95% CI: 0.975–0.993). The SDD of the

PIPS was 7.2%, indicating that the change score rated by different raters for an individual

child with an intellectual disability is valid and that the PIPS can be used by early

interventionists and researchers as an outcome measure to determine children’s

maturation or improvement.
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Consequently, the precision of the perception-action coupling, expressed in the accuracy of imitation performances is an
important criterion for children’s aptitude to learn new skills.

The acquisition of skilled acts, learned effortlessly by more able young children, is a crucial aspect of the overall
development of children with developmental disabilities. The imitation problems among learners with intellectual
disabilities (Macedoni-Luksic et al., 2009; Vanvuchelen, Feys, & De Weerdt, in press) and with autism spectrum disorders
(Perra et al., 2008; Vanvuchelen, Roeyers, & De Weerdt, in press-a; Vanvuchelen, Roeyers & De Weerdt, 2011a; Williams,
Whiten, & Singh, 2004; Zachor, Ilanit, & Itzchak, 2010) may prevent them from learning the skills that typically developing
children learn in natural environments. Adults cannot directly teach children all the skills needed for adult life. Appropriate
learning depends primarily on the child himself or herself taking on the responsibility for learning throughout the day by
imitating others, engaging others, and exploring the potential of the various environments. Therefore, the teaching of
imitation skills is often the first step in interventions for young learners with intellectual disabilities (Baer, Peterson, &
Sherman, 1967; Brown, Brown, & Poulson, 2008; Brown, Peace, & Parsons, 2009; Mehta, Pande, & Bhargava, 1991) and
autism spectrum disorders (Lovaas, 1987; Stahmer, Ingersoll, & Carter, 2003; Rogers, 1998). Behavioural intervention
approaches to teach imitation skills with the use of video modeling (Tereshko, MacDonald, & Ahearn, 2010) and live
modeling, e.g., Discrete Trial Training (Brown et al., 2008) and Reciprocal Imitation Training (Cardon & Wilcox, in press;
Ingersoll, 2010; Ingersoll & Gergans, 2007; Ingersoll & Lalonde, 2010; Ingersoll, Lewis, & Kroman, 2007; Ingersoll &
Schreibman, 2006) are essential methods to improve the learning potential of intellectual disabled children with imitation
problems. Although the existing literature on effects of imitation teaching provides evidence that this kind of early
intervention strategy improves the prognosis of the children, research findings are based on methodologically weak
studies with few participants and the absence of a control group, an alternative intervention strategy and a systematic
imitation assessment.

The Preschool Imitation and Praxis Scale (PIPS) is designed to assess the accuracy of bodily (actions without objects) and
procedural (actions with objects) imitation performance at preschool age (Vanvuchelen, Roeyers, & De Weerdt, 2011b).
Imitation age-equivalent scores are derived from PIPS scores of 654 typically developing children between 12 and 59 months
of age (Vanvuchelen, 2009). Evidence of the validity and reliability of the PIPS in healthy preschoolers has been provided in
several studies (Vanvuchelen et al., 2011b; Vanvuchelen, Roeyers, & De Weerdt, in press-b). However, reliability that is
established on individuals from one population, e.g., typically developing preschoolers, cannot automatically be attributed
to another population, e.g., preschoolers with intellectual disabilities. This has been termed population-specific reliability.
The factor of intellectual disability can alter the way a child responds to a measurement and the consistency with which
examiners can take the measurement (Portney & Watkins, 2009).

Furthermore, to be clinically meaningful an imitation assessment must be reliable enough to evaluate outcomes of a
therapeutic intervention, such as teaching imitation skills. Knowing that the PIPS has achieved a certain level of
psychometric adequacy to identify preschoolers with imitation problems (Vanvuchelen et al., in press-a) says nothing about
its sensitivity to treatment-related changes in child functioning. The intent of the assessment, e.g., making a diagnosis versus
testing the efficacy of an intervention, can potentially result in a different estimate of important change (Norman, Sloan, &
Wyrwich, 2003). To determine if the imitation aptitude has changed, an examiner must know what part of the difference
between children’s measurements is attributable to real change, and what part is due to measurement error. Reliability can
be reported in relative or absolute terms. Relative interrater reliability statistics indicate the degree of association between
two or more ratings (e.g., intraclass correlation coefficients or ICCs), but they do not provide clinical guidance for assessing
real changes at an individual child level. If the PIPS is used in intervention studies of preschoolers with intellectual
disabilities, the knowledge of the standard error of measurement (SEM) and the smallest detectable difference (SDD) is
important to ascertain which children show a ‘true’ imitation change apart from differences due to measurement errors
(Atkinson & Nevill, 1998; Portney & Watkins, 2009). The SEM and SDD provide indications of absolute reliability. The
precision of the measurement is expressed as the SEM. The SDD is the amount of change in a variable that must be achieved
to reflect a true difference (Portney & Watkins, 2009). This is the smallest amount of difference that passes the threshold of
error for a specific instrument, e.g., the PIPS, and application, e.g., in preschoolers with intellectual disabilities. The present
article provides evidence of relative and absolute interrater reliability of the PIPS in preschoolers with intellectual disabilities
of heterogeneous aetiology.

2. Methods

2.1. Participants

Forty-four preschoolers (19 female and 25 male) between 13 and 58 months of age (mean chronological age 39.6 m, SD
11.9 m) with an intellectual disability (27 with Down syndrome, 10 with Non-Specific Mental Retardation and 7 with Low-
functioning Autism) participated in this study. Nonverbal mental age was determined with the Dutch modification of the
Bayley Scales of Infant Development (BSID-II-NL; Van der Meulen, Ruiter, Lutje Spelberg, & Smrkovský, 2000) and ranged
between 8 and 43 months of age (mean nonverbal mental age 25.6 m, SD 9.7 m).

The children with Down syndrome and with Non-Specific Mental Retardation were recruited from home-based child
development programs for children with intellectual disabilities, respectively special schools for children with learning
disabilities. The children with Low-functioning Autism were diagnosed according to a multidisciplinary clinical consensus
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classification (University Autism Clinics) in addition to a positive ADOS-G-classification (Lord, Rutter, DiLavore, & Risi, 2003).
All families gave written informed consent for the participation of their child.

2.2. Preschool Imitation and Praxis Scale (PIPS)

The theoretical framework and deductive test construction approach of the Preschool Imitation and Praxis Scale (PIPS)
have been described in detail elsewhere (Vanvuchelen et al., 2011b). To recap briefly, different action types considered to
be important as unravelled in research in apraxic adults were selected to tap a broad range of possible imitation
mechanisms: action types with different effects (salient environmental and internal), representational levels (meaningful
and non-meaningful; goal directed and non-goal directed), temporal complexities (single and sequential) and visual
monitoring possibilities (transparent and opaque). The PIPS consists of 10 task categories with each three tasks: six
gestural, three procedural and one facial. Imitation tasks which are possible to be performed by young children but unlikely
to be exhibited spontaneously were selected (Vanvuchelen et al., 2011b). The 10 task categories and 30 PIPS tasks are
described in Table 1.

Imitation performances on each task are scored on a 3–5 point scale in accordance with the criteria of the scoring system
of the PIPS, which evaluates the spatiotemporal resemblance between the modelled and copied action (Vanvuchelen,
2009). To illustrate this system, we exemplify the scoring of the task ‘‘to pretend to comb your hair with an imaginary
comb’’. Score 4 is given if the child has used a symbolic grip and has performed a repetitive action on both sides of the head.
Score 3 is given if the child has used a symbolic grip and has performed a repetitive action on one side of the head or a single
action. Score 2 is given if the child has used a body-part-as-an-object grip and has performed a repetitive action on both
sides of the head. Score 1 is given if the child has used a body-part-as-an-object grip and has performed a repetitive action
on one side of the head or a single action. Score 0 is given is the child has performed another action or has refused to imitate.
The final PIPS score (ranging between zero and 81) is a reflection of the accuracy of the child’s imitation performance
(Vanvuchelen, 2009). Interrater reliability of the PIPS items (weighted kappa values ranged from 0.64 to 1) and the total
score (intraclass correlation coefficient ICC = 0.995; 95% CI: 0.990–0.997) has been established in a population of typically
developing children. In this population, the SDD was 5.6% of the possible score range of the PIPS (Vanvuchelen et al., in
press-b).

For the test administration, each child was individually assessed in a quiet room and was seated at a table in front of the
trained examiner. The administration of the 30 tasks of the PIPS was in accordance with the guidelines for item instruction of
the PIPS (Vanvuchelen, 2009). Before demonstrating each task, a child’s attention was attracted by addressing the child by
name. Only the verbal instruction ‘‘(Name), you do this too’’ was given.

2.3. Data analysis

All analyses have been performed using the statistical software SPSS (version 16.0). P-values smaller than 0.05 were
considered as significant.

2.4. Descriptive statistics

Simple descriptive statistics (mean and standard deviation) are used to describe the basic features of the PIPS in this
study.

2.5. Relative interrater reliability

To determine relative interrater reliability, the imitation performance of the children was videotaped. Two trained
examiners scored the performances on the videotapes independently.

Relative interrater reliability on individual item level were examined using Cohen’s weighted kappa values. The
interpretation of kappa values was done according to Fleiss (Fleiss, 1981): below 0.40 agreement by coincidence; between
0.40 and 0.60 moderate; between 0.61 and 0.75 good and above 0.75 excellent agreement. Percentages of agreement were
also determined for all items: 70% or higher was considered as acceptable.

Relative interrater reliability on scale level was examined with the intraclass correlation coefficient (ICC). The option
‘treating subjects as well as raters as a random effect’ was applied. This resulted in a two-way random effects model with
measures of absolute agreement. The interpretation of the ICC was done according to Portney and Watkins (2009): a value
below 0.75 is indicative of poor to moderate reliability and a value above 0.75 of good reliability. Bland and Altman’s limits of
agreement on the scale score (mean of the differences between ratings �2SD) were used to assess the strength of agreement
between the raters (Bland & Altman, 1986).

2.6. Absolute interrater reliability

Absolute interrater reliability was examined by the smallest detectable difference (SDD) to determine whether the
change scores rated by different raters of an individual child were valid (beyond random errors) at the 95% confidence level.
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First, the standard error of measurement (SEM) for the two separate ratings (SEMfirst and SEMsecond) was calculated on the
basis of the standard deviation (SD) and the ICC: SEM = SD�H1� ICC, which was used to quantify the amount of random
measurement errors. Assuming that measurement errors are distributed normally, the corresponding 95% confidence
interval, in which the true score is expected, was �1.96� SEM (Portney & Watkins, 2009). There are no clear criteria for an
acceptable SEM-value available. So, how much ratings can be deviant from one another will be a question of judgment. Preferably,
this should be defined in advance (Bland & Altman, 1986). We expressed the SEM as a percentage of the possible score range of the
PIPS (from 0 to 81). We postulated that a value lower than 10 percent of the possible score range of the PIPS, which means a SEM
score below 8.1, and a difference between the percentages of two SEMs smaller than 1 percent would be satisfactory (Van Baalen,
Odding, van Woensel, & Roebroeck, 2006).

Then, the smallest detectable difference (SDD) was calculated using the following formula: SDD = 1.96�H(SEMfirst
2 + -

SEMsecond
2). If the difference between both SEMs was smaller than 1 percent, we assumed that they were equal and

simplified the formula to: SDD = 1.96� SEM�H2 (Portney & Watkins, 2009). When interpreting the SDD the following

Table 1

Description of the 10 task categories and 30 items of the Preschool Imitation and Praxis Scale (PIPS) presented in standardised order.

Item nr T Category Dimension Task description Score

1 P sao-P1 GDP Raise a toy bear by pulling a cord 0–2

2 P sao-P2 GDP Put a wooden block on top of your head 0–2

3 P sao-P3 GDP Switch on a lamp in a toy animal with your forehead 0–2

4 G i-MG1 SIB Perform the gesture to ‘‘wave good-bye’’ 0–2

5 G i-MG2 SIB Perform the gesture to ‘‘show something with an outstretched

hand in supination’’

0–2

6 G i-MG3 SIB Perform the gesture to ‘‘beckon with the index finger’’ 0–2

7 G si-NMG1 SIB Raise your outstretched arm till 908 anteflexion and make a circle

with the index finger and thumb

0–3

8 G si-NMG2 SIB Raise your outstretched arm till 908 anteflexion and stretch out

your fingers

0–3

9 G si-NMG3 SIB Raise your outstretched arm till 908 anteflexion, hold up the little

finger while all the other fingers and the thumb are bent

0–3

10 P sq-P1 NGDP Open the box, put the lid on the table, turn the box upside-down,

put the block on the bottom of the box

0–3

11 P sq-P2 NGDP Take the block from the bottom of the box, turn the box in normal

position again, close the box, put the block on the lid of the box

0–3

12 P sq-P3 NGDP Take the block from the lid of the box, open the box, put a disc

into the box, close the box, put the block

again on the lid of the box

0–3

13 G t-MG1 SIB Pretend to ‘‘comb your hair with an imaginary comb’’ 0–4

14 G t-MG2 SIB Pretend to ‘‘open an imaginary door with an imaginary key’’ 0–4

15 G t-MG3 SIB Pretend to ‘‘brush your teeth with an imaginary toothbrush’’ 0–4

16 G bi-NMG1 SIB Place one fist on top of the other 0–3

17 G bi-NMG2 SIB Extend the index fingers of both hands while the other fingers

and thumbs are bent, and bring the top of the index fingers

towards each other

0–3

18 G bi-NMG3 SIB Open one hand in vertical position and touch the top of the

fingers with the palm of the other hand in horizontal position

0–3

19 G fa-NMG1 SIB Extend your index finger and touch the top of your nose 0–3

20 G fa-NMG2 SIB Touch your lower lips with the nails of your thumbs 0–3

21 G fa-NMG3 SIB Extend the index finger of your left hand and touch your right

cheek and extend the index finger of your right hand and touch

your left cheek

0–3

22 P aso-P1 GDP Turn a cup upside-down and play drums on it with two spoons 0–2

23 P aso-P2 GDP Remove the cap of a doll and put a shoe on the head of the doll 0–2

24 P aso-P3 GDP Put a toy car in bed, turn it upside-down and tuck it in with a blanket 0–2

25 G sq-NMG1 SQB Hit the table with the palm of your hands, cross the arms and hit the

table again, return to the original position and hit the table once more

0–3

26 G sq-NMG2 SQB Hit the table with one hand in supination, turn the hand in pronation

and hit the table again, clap in the hands, hit the table with the palm

of both hands

0–3

27 G sq-NMG3 SQB Hit the table with both hands in supination, turn the hands in pronation,

hit the table again, clap in the hands, hit the table with the palm of both

hands once more

0–3

28 F f1 SIB Shake the head, eyes closed to say ‘no’, with an expression of disapproval 0–2

29 F f2 SIB Look angry with a frown of the eyebrows 0–2

30 F f3 SIB Nod quickly with your head and show an expression of happiness 0–2

T, type of action (P, procedural imitation; G, gestural imitation; F, facial imitation); sao-P, substituted-actions-upon-objects; i-MG, intransitive meaningful

gestures; si-NMG, single non-meaningful hand postures; sq-P, action-sequences-upon-objects; t-MG, transitive meaningful gestures; bi-NMG, bimanual

non-meaningful hand postures; fa-NMG, non-meaningful hand postures to the face or head; aso-P, actions-upon-substituted-objects; sq-NMG, sequences

of non-meaningful hand postures; f, facial expressions; GDP; goal directed procedural imitation; NGDP, non-goal directed procedural imitation; SIB, single

bodily imitation; SQB, sequential bodily imitation.
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criteria were used. First, when the SDD value was lower than 10% of the possible highest score of the PIPS, which means a SDD
score below 8.1, the PIPS was considered acceptable (Kropmans, Dijkstra, Stegenga, Stewart, & de Bont, 1999). Second, the
SDD should be close to 0.5 standard deviation for discriminating the threshold of change (Norman et al., 2003).

3. Results

3.1. Descriptive statistics

The mean total PIPS score was 28.7 (SD 17.9) according to the first rater and 29.2 (SD 19.2) according to the second rater.

3.2. Relative interrater reliability

Table 2 provides the weighted kappa values and percentages of agreement for the interrater agreement of the 30
individual item scores. Among the 30 PIPS items, 18 revealed an excellent interrater agreement for individual item scores, 4
had good agreement, and 3 had moderate agreement. The kappa statistics of 5 items could not be computed, because of the
skewed distribution of the data. However, the percentage of agreement of these 5 items was obtained: 70% (t-MG1), 72% (t-
MG2), 70% (t-MG3), 84% (fa-NMG2) and 79% (sq-NMG1).

The interrater reliability of the PIPS scale scores was high (ICC = 0.986; 95% CI: 0.975–0.993). Fig. 1 plots limits of
agreement calculated from interrater data of the PIPS scale scores. Plotting PIPS means of the two observations against the
interrater difference for each participant does not give any indication that measurement errors vary systematically over the
range of possible scores.

3.3. Absolute interrater reliability

The SEM of the first rater was 2.1 (2.6% of the possible score range of the PIPS) and of the second rater 2.3 (2.9% of the
possible score range of the PIPS). According to the data of the first rater, there is a 95% chance that the true mean PIPS score
lies between 24.5 and 32.2; and according to the second rater between 24.6 and 33.8. The difference between both was 0.2
(0.3% of the possible score range of the PIPS). Since the difference between the percentages of two SEMs was smaller than 1%,
we have used the SEM of the first rater to determine the SDD. The SDD was 5.8 (7.2% of the possible score range of the PIPS).

Table 2

Weighted kappa values and percentages of agreement for interrater agreement of 30 individual item scores of the Preschool Imitation and Praxis Scale

(PIPS).

Item number Task Weighted kappa value Asymptotic standard error Percentages of agreement

1 sao-P1 0.96 0.03 97.7%

2 sao-P2 0.78 0.08 86.4%

3 sao-P3 0.91 0.04 93.2%

4 i-MG1 0.81 0.07 86.4%

5 i-MG2 0.79 0.06 81.8%

6 i-MG3 0.85 0.05 86.4%

7 si-NMG1 0.77 0.08 86.4%

8 si-NMG2 0.71 0.09 84.1%

9 si-NMG3 0.83 0.06 86.4%

10 sq-P1 0.85 0.05 88.6%

11 sq-P2 0.85 0.05 88.6%

12 sq-P3 0.90 0.04 90.9%

13 t-MG1 a a 70.4%

14 t-MG2 a a 72.7%

15 t-MG3 a a 70.4%

16 bi-NMG1 0.73 0.07 77.3%

17 bi-NMG2 0.68 0.08 77.3%

18 bi-NMG3 0.58 0.09 70.4%

19 fa-NMG1 0.58 0.09 70.4%

20 fa-NMG2 a a 84.1%

21 fa-NMG3 0.86 0.07 93.2%

22 aso-P1 0.81 0.06 86.4%

23 aso-P2 0.92 0.05 95.4%

24 aso-P3 0.82 0.07 88.6%

25 sq-NMG1 a a 79.5%

26 sq-NMG2 0.86 0.07 93.2%

27 sq-NMG3 0.73 0.09 84.1%

28 f1 0.79 0.06 84.1%

29 f2 0.52 0.10 72.7%

30 f3 0.84 0.06 88.6%
a Kappa statistics could not be computed, because of the skewed distribution of the data.
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4. Discussion

Imitation is one of the pivotal skills that young children use to learn from others. Targeting the development of imitative
skills in learners with imitation problems may be an important focus in early intervention. Interventions such as teaching
imitation skills that result in child initiation, exploration, and ongoing engagement of the social as well as the physical world
are likely to lead to greater child learning long term. These self-learning behaviours need to be identified as treatment goals
and examined when assessing children’s response to treatment (Rogers, 1998).

The Preschool Imitation and Praxis Scale (PIPS) is a reliable and valid measure to identify preschoolers with imitation
problems (Vanvuchelen, Feys et al., in press; Vanvuchelen et al., in press-a). To be clinically meaningful the PIPS must be
reliable enough to evaluate outcomes of an intervention, such as teaching imitation skills. In clinical settings, it is essential to
know by how much the score of one rater is likely to differ from the score of another rater. If this is not enough to cause
problems in clinical interpretation we can use the two interchangeably. The present paper provides evidence for population-
specific reliability, in particularly in preschoolers with intellectual disabilities of heterogeneous aetiology. Random errors
reduce the objectivity of the data and can arise from inconsistencies in the administering and scoring protocol. Therefore, the
examiners were trained in these protocols to prevent inconsistencies of scores. The interrater reliability was moderate to
excellent at the individual item level and good for the PIPS total score.

However, the interrater reliability based on correlation coefficients, such as an intraclass correlation coefficient, provide
an indication of relative reliability (Atkinson & Nevill, 1998). A high intraclass correlation does not always mean that the two
raters agree. Correlations measure the strength of a relation between two scores, not the agreement between them. When
data of two ratings are plotted, there is perfect correlation if the points lie along any straight line. But there is perfect
agreement only if the points lie along the line of equality (Bland & Altman, 1986). Since correlations are highly influenced by
the range of values in the sample, it is essential to calculate the absolute reliability, including the standard error of
measurement (SEM) and the smallest detectable difference (SDD). The precision of the measurement is expressed as the
SEM. As postulated the SEMs of both raters were lower than 10 percent of the possible score range of the PIPS, in particular
2.6%, respectively 2.9%.

If the PIPS is used in intervention and longitudinal studies, the knowledge of the SDD is really important for early
interventionists and researchers. The SDD value is important to determine whether the change scores rated by different
raters for an individual child after training or maturation indicate real change (i.e., beyond measurement error) at the 95%
confidence level. A statistically significant change between two ratings must be larger than the SDD (Portney & Watkins,
2009). The SDD for the PIPS in preschoolers with intellectual disabilities was 5.8 points or 7.2% of the possible score range of
the PIPS, indicating that two assessments of the same child should differ by more than 6 points to reflect a factual imitation
change. This small SDD value met Norman et al.’s (2003) criterion of an acceptable SDD. The SDD of 5.8 points was clearly
below 0.5 standard deviation. This finding is consistent with the results of the SDD for the PIPS score in typically developing
preschoolers (Vanvuchelen et al., in press-b).

Some implications of this study to clinical practise can be made. The SDD can be considered as a conservative estimate of
patient’s progress, identifying the smallest amount of change that could be interpreted as any improvement or decline.
Therefore, using the SDD as a criterion for improvement may be thought of as having high specificity (avoiding false
positives) but low sensitivity (finding many false negatives) (Portney & Watkins, 2009).

A critical remark has to be made. The present sample was comprised of Dutch speaking preschoolers with intellectual
disabilities. However, two limitations should be noted. Directions for further research include: (1) the replication of the

[()TD$FIG]

Fig. 1. Bland and Altman’s limits of agreement for the Preschool Imitation and Praxis Scale (PIPS) scale score on the interrater data.
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findings in other samples of preschoolers with intellectual disabilities, including those from other cultures and (2) the
investigation of the utility of the PIPS in a randomised controlled trial to evaluate the effectiveness of different intervention
programs for improving the imitation skills of young learners with imitation problems.
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