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Abstract

Psychological Characteristics of Developing Excellence (PCDEs) are a range of
psychological factors that play a key role in the realisation of potential. We examined PCDE

profiles across a female national talent development field hockey programme in North

America. Two-hundred-and-sixty-seven players completed the Psychological Characteristics

of Developing Excellence Questionnaire version 2 (PCDEQ-2) prior to the competitive
season. One-hundred-and-fourteen players were classified as juniors (under-18) and 153 as
seniors (over-18). Eighty-five players were classified as non-selected (not-selected to their
age-group national team), and 182 as selected (selected to their age-group national team). A
MANOVA showed multivariate differences based on age, selection status, and their
interaction, within this already homogenous sample, suggesting that sub-groups within this
sample vary dependent on their overall PCDE profiles. ANOVA showed differences in
imagery and active preparation, perfectionist tendencies, and clinical indicators between
juniors and seniors. Furthermore, differences in imagery and active preparation, and
perfectionist tendencies, were observed between selected and non-selected players.
Subsequently, four individual cases were identified for further analysis based on their
multivariate distance to the average PCDE profile. For example, we discussed one case,
Lyssa, who was a selected junior player with a very different PCDE profile to the overall
sample. Thus, the use of the PCDEQ-2 at both group- and individual-levels seems an
important tool to support athlete development. Particularly, individual profiling allows
individual-level assessment and intervention facilitating bespoke support for players with
particular strengths and weaknesses against the challenges they are likely to encounter in

their pursuit of excellence.



47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

The ultimate aim of any talent pathway in sport is to develop athletes with the ability
to perform at the highest level (e.g., Ericsson et al., 1993; Philips et al., 2010; Tucker &
Collins, 2012). This requires coaches, athletes and other stakeholders to conceptualise
performance outcomes in developmental terms, with an ‘achievement later’ emphasis.
Prioritising long-term development, rather than short-term success, requires a mind-set,
approach, environment, and overall structure that prioritises the outcomes and processes that
support athletes on this journey. Of course, this balance between development and winning
will sensibly change as athletes progress along the pathway and the pressures of performance
and outcomes come into play. However, for those working with a development focus,
identifying, prioritising, and developing the outcome deliverables (Collins et al., 2019) that
support the navigation of the talent development pathway is important.

In psychological terms, a range of constructs have been shown to be determinants of
development and performance in sport. For example, grit (Duckworth et al., 2007), the
growth mindset (Dweck, 2017), resilience (Seligman, 2011; Fletcher & Sarkar, 2016), and
self-control (Toering & Jordet, 2015) are supported by a growing evidence base as supportive
of development across sport. Collins and colleagues (Collins et al., 2019) question the
comprehensiveness of these constructs and the extent to which they provide athletes with a
toolbox of skills to cope with the challenges they are likely to face as they progress. To this
end, it is important to consider the mechanisms and processes that underpin the young
athlete’s ability to make the most of developmental opportunities they are afforded. These
processes must be both comprehensive (i.e., cater for the full range of challenges and
contexts that athletes are likely to encounter) and proactively developable as the athlete
proceeds along an inherently non-linear and dynamic pathway (Simonton, 2001). For
example, psychological constructs such as resilience (Seligman, 2011; Sarkar & Fletcher,

2016) or grit (Duckworth, Peterson, Matthews, & Kelly, 2007) may be best applied through
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an understanding of how they operate and the processes that underpin the outcome
behaviours.
Psychological Characteristics of Developing Excellence

The role psychological factors play in the realisation of potential and as a key feature
of talent development is well-supported. MacNamara and colleagues (2010a, 2010b),
building on the seminal work of Orlick and Partington (1988), term these Psychological
Characteristics of Developing Excellence (PCDEs). PCDEs encompass both mental skills
such as imagery or goal setting and also the attitudes, emotions, and desires such as
commitment and motivation that athletes require as they progress in their sport. Reflecting
the non-linear and increasingly challenge-filled pathway that athletes encounter, especially as
they progress to the latter end of the talent pathway, the possession and systematic
development of PCDEs seems a logical step, allowing young athletes to interact effectively
with the developmental opportunities they are afforded (Cété & Hay, 2002; Simonton, 1999;
van Yperen, 2009).

Of course, it is also important to consider the psychological factors that are
maladaptive to talent development (Hogan & Hogan, 2001). Poor mental health and clinical
issues have been shown to have a detrimental effect on the efficacy of talent development
(Hill et al., 2016). Reflecting the complexity of the skillset required, Hill et al. (2015)
identified a range of psycho-behavioural characteristics that could be categorised as positive
(i.e., adaptive), dual effect, or negative (i.e., maladaptive), in relation to their impact upon
talent development. To assess and then support the development and deployment of these
adaptive, dual effect and maladaptive psycho-behavioural characteristics, a multidimensional
questionnaire for adolescent athletes was designed. Building on the work of MacNamara and
Collins (2011), Hill and colleagues conducted a series of qualitative interviews to identify the

key psychological characteristics and behaviours that differentiated between those that went
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on to achieve elite-level success and those that didn’t (2015; 2016). These findings
underpinned the item generation and justification of the Psychological Characteristics of
Developing Excellence Questionnaire—Version 2 (PCDEQ-2) (Hill et al., 2019) which
assesses the possession and application of seven PCDEs, namely adverse response to failure,
imagery and active preparation, self-directed control and management, perfectionistic
tendencies, seeking and using social support, active coping, and clinical indicators.

Clearly, talent development is a multifaceted and complex challenge and an athlete’s
progression is unlikely to be limited to the presence, or absence, of any one variable.
However, the influence of such skills has already received support, particularly in the area of
self-regulation (Duckworth et al., 2010; Toering et al., 2009; Toering et al., 2011). As such, a
skills development approach, where PCDEs are systematically taught, tested and tweaked as
an inherent feature of the coaching environment has been shown to equip young athletes with
a toolbox of skills, and opportunities to practice and gain confidence in their application to
counter a variety of challenges (Collins & MacNamara, 2016). This approach has attracted
growing support in the literature (e.g., Hill et al., 2015; Laureys et al., 2021; Newton &
Holmes, 2017; Saward et al., 2020) and in applied practice (e.g., England Basketball Talent
Pathway; Ireland Golf Programme; New Zealand Snowboarding etc. see
https://www.greymattersuk.com/about). In turn, the possession and deployment of PCDEs
may contribute to the attitudes, confidence, grit and persistence that support development.

There are a number of features of the PCDEQ-2 and its use in talent development
environments that are important to highlight. Firstly, as evidenced in the factor structure of
the questionnaire (Hill et al., 2019), some PCDEs load onto multiple factors. From a
theoretical and empirical standpoint, this interrelatedness is expected since the factors
represent distinct but related constructs (MacNamara & Collins, 2011). This has important

implications for the applied use of the PCDEQ-2 in talent development settings, notably its
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use as a tool to help coaches and athletes assess relative strengths and weaknesses and then
the ability to select from a range of PCDEs to find a bespoke solution to specific challenges
(Laureys et al., 2021). For example, young athletes may engage in imagery and goal setting
(both linked to Imagery and Active Preparation (Factor 2)) when trying to learn a difficult,
novel skill. Logically, the use of goal setting positively supports other PCDEQ-2 factors such
as Self-Directed Control and Management (Factor 3) and Active Coping (Factor 6). The
PCDEQ-2 is designed as a formative assessment tool to support the provision offered to
young athletes. As such, the questionnaire can be used, in combination with coach
observation and qualitative interviews, to offer athletes a bespoke solution to specific
challenges faced in their environment. Simply, the PCDEQ-2 offers a tool for athletes and
coaches to assess strengths and weaknesses as the basis for an action plan and intervention to
address the identified areas. For example, although some research has shown little general
population improvement in PCDE scores as athletes progress on the pathway, at an individual
level, and reflecting the non-linear developmental trajectories that typify athlete progression,
variations at the individual level are evident (Laureys et al., 2021). However, to date there has
been limited insight offered into how the PCDEQ-2 may be used within a particular national
talent development programme, despite calls for case-based, context-specific approaches to
understanding effective talent development environments in sport (Henriksen et al., 2010).
Indeed, understanding how PCDEs are developed and deployed at the group- and individual-
level may further develop our understanding of how a talent development system may help
shape and support young athletes.

Although there is an extensive literature about talent development in sport (e.g.,
Coutinho et al., 2016), and a growing body of literature about PCDEs (Laureys et al., 2021;
MacNamara et al., 2010a, 2010b; Hill et al., 2015; Newton & Holmes, 2017; Saward et al.,

2020), the lack of data pertaining to females in this context is concerning. This is especially a
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concern when research is purported to provide practitioners and policy makers with a robust
understanding to support their decision making. In this regard, Curran et al. (2019) identified
an underrepresentation of female data across talent development research in general and,
specifically, in research focused on psychological constructs. In terms of the latter, in their
review of 20 years of talent development research, Curran et al. (2019) identified a single
study examining psychological constructs focused solely on female athletes compared to 13
on male participants and called for caution in interpreting and making inferences about
female athletes from male dominated research. Research pertaining to male athletes cannot be
assumed to relate to female athletes and the implications of applying such research findings
to female sport may be significant, creating talent pathways likely to be unreflective of
female athlete needs. Against a growing call for pragmatic focused research (Collins et al.,
2019), there is a need for research that support practitioners to make informed decisions
about their practice and environment and provides a clear understanding of the experiences of
female athletes. Therefore, the aim of this study was to examine PCDE profiles across a
female, national talent development field hockey programme in North America.
Methods
Participants

We recruited 267 female field hockey players aged 19.2 + 3.0 y (Mean £ SD) from a
national talent development programme in North America to participate in the study. The
talent development programme aimed to identify and develop players who would ultimately
go on to represent the women’s national team in international competition. The International
Hockey Federation (FIH) ranked the women’s national team in the top 15 in the world at the
time the study was completed (https://www.fih.hockey/outdoor-hockey-rankings). Players
were identified having participated in regional-level talent development training followed by

a national-level development and selection tournament. There were 114 players aged under
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18 who were classified as juniors and 153 players aged over 18 who were classified as
seniors. From the 267 players involved in the talent development programme, 182 players
were subsequently selected to be members of their respective age group national team squads,
whereas 85 players were not selected. Among junior players 90 were selected and 24 were
not selected, while among senior players, 92 were selected and 61 were not selected. Ethical
approval for the study was obtained from the Ethical Advisory Committee at [Institution].
Written assent was obtained from players and written consent was obtained from parents or
guardians, where appropriate.
Procedure

Players completed the Psychological Characteristics of Developing Excellence
Questionnaire version 2 (PCDEQ-2) prior to the start of the first training camp of the year.
The questionnaire was completed online and took approximately 20-30 minutes to complete,
and players were signposted to appropriate support should they have any questions or
concerns. Players were reminded to complete the questionnaire on their own, to be honest
when answering questions, and that their responses would have no bearing on their future
selection. Selections to national team squads were completed following the conclusion of the
first training camp by the coaching staff of the respective age group teams.
Instrument

The PCDEQ-2 assesses a range of adaptive, dual effect, and maladaptive psycho-
behavioural characteristics in a talent development in sport context (Hill et al., 2019). Seven
factors are assessed by the PCDEQ-2 namely 1) adverse response to failure (Factor 1; 21
items; e.g., ‘even minor setbacks disturb my focus’), 2) imagery and active preparation
(Factor 2; 15 items; e.g., ‘I include imagery in my preparation’), 3) self-directed control and
management (Factor 3; 14 items; e.g., ‘my life is well organised”), 4) perfectionistic

tendencies (Factor 4; 10 items; e.g., ‘I only feel happy when I win’) , 5) seeking and using
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social support (Factor 5; 9 items; ¢.g., ‘I am keen to ask other people for help’) , 6) active
coping (Factor 6; 10 items; e.g., ‘I work through set backs”), and 7) clinical indicators (Factor
7; 9 items; e.g., ‘I feel tired and have little energy more often than my peers’). Each item was
scored on a 6-point Likert scale ranging from 1 (‘very unlike me”) to 6 (‘very like me’). The
validity and reliability of the PCDEQ-2 has been recently demonstrated in 512 elite youth
(aged 13-19 years) team-sports athletes (soccer, rugby union and rugby league) from the
United Kingdom (UK) (Hill et al., 2019). In terms of the internal consistency of the PCDEQ-
2, Cronbach alpha coefficients for the seven factors ranged from 0.72 to 0.91. The PCDEQ-2
also effectively discriminated between athletes rated by their coach as ‘very good developers’
versus athletes rated by their coach as ‘very poor developers’, with a discriminant function
analysis correctly classifying group membership for 73% of participants (Hill et al., 2019).

Data analysis

Reliability assessments, parametric assumption assessments, and main analyses were
conducted using IBM SPSS (v.26). The internal consistency of the PCDEQ-2 was examined
using Cronbach’s alpha. The Cronbach alpha for the whole questionnaire was 0.85. In terms
of each subscale, Cronbach’s alphas for Factors 1, 2, 3, 4, 5, 6, and 7 were 0.94, 0.88, 0.85,
0.75, 0.79, 0.81, and 0.80, respectively. Prior to the main analyses, parametric assumptions
were checked, and a power analysis was conducted. Histograms were inspected to assess
whether residuals were normally distributed, revealing no deviances from normality. The
assumption of homogeneity of variance was assessed using Levene’s test and the assumption
of homogeneity of covariance matrices was assessed using Box’s test. Box’s test of equality
of covariance matrices was significant (p=.004), and according to Field (2017) only p-values
lower than .001 are causes for concern. This was supported by the observation that for each
of the univariate ANOVAs, Levene’s test of equality of variances was non-significant

(p>.05). Data were screened for multivariate outliers using the Mahalanobis distance test,
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with no outliers identified (at p<.001). As suggested by Field (2017), with unequal group
sizes (as seen in the present data), when the assumptions of homogeneity of covariance
matrices and multivariate normality are not violated, Pillai’s trace should be used when
conducting a Multivariate Analysis of Variance (MANOVA). An a priori power calculation
in G*Power revealed that for a two-way MANOVA with seven dependent variables, using a
2-tailed test with an alpha level of .05 and power of 0.80, a minimum sample size of 153 was
required to detect a partial eta squared of 0.06.

A MANOVA was used to test the differences between groups across several
dependent variables simultaneously (Field, 2017). We conducted a two-way MANOVA to
examine multivariate differences between age groups (junior vs. senior), selection statuses
(selected vs. non-selected), and the interaction between age groups and selection statuses,
with respect to players’ scores on the seven PCDEQ-2 factors. We also conducted seven two-
way univariate ANOVAS, to examine differences between age groups (junior vs. senior),
selection statuses (selected vs. non-selected), and the interaction between age groups and
selection statuses, with respect to players’ scores on each of the seven PCDEQ-2 factors, in
turn. Statistical significance was accepted at the 95% confidence level (p<.05). Mean (SD)
were used to describe the average and variability of data. Partial eta squared statistics were
used to indicate effect sizes and were interpreted as small (0.01-0.05), medium (0.06-0.13),
and large (>0.14) (Sink & Mvududu, 2010).

While the MANOVA can indicate multivariate differences at the group-level, it is
also important to consider how multivariate combinations of PCDEs may support individual
athlete development. Indeed, due to the formative, individualised nature of the PCDEQ-2, we
subsequently examined individual athlete profiles. While we used Mahalanobis distance test
to detect multivariate outliers, Mahalanobis distances essentially measure the distances of

cases from the means of the predictor variables (Field, 2017). Therefore, we calculated
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Mahalanobis distances for each participant based on scores from the seven subscales of the
PCDEQ-2 in order to examine particular cases of interest. We selected two cases with
Mahalanobis distances from the 99" centile, to identify individuals (pseudonyms were used
to protect participant identity) with highly different PCDEQ-2 multivariate profiles compared
to the whole sample. We also selected two cases with Mahalanobis distances from the 1%
centile, to identify individuals with PCDEQ-2 multivariate profiles very similar to the whole
sample. We subsequently examined these four profiles and that of the whole sample.
Results

Figure 1 displays the mean (SD) PCDEQ-2 scores of the whole sample. Using Pillai’s
trace, the MANOVA revealed that there was a significant main effect of age group on the
seven PCDEQ-2 factors (V = 0.06, F(7, 257) = 2.20, p =.035, n%=.06, medium effect). The
MANOVA statistic quantifies the extent to which groups can be differentiated by a linear
combination of the outcome variables (Field, 2017). While underlying relationships between
the multiple PCDEs are not accounted for, visual inspection of Figures 2-4 provides
information regarding group profiles. Figure 2 shows that on average, compared to junior
players, senior players had higher scores on adverse response to failure, perfectionistic
tendencies, and clinical indicators, and lower scores on imagery and active preparation, self-
directed control and management, seeking and using social support, and active coping. Also,
there was a significant effect of selection status on the seven PCDEQ-2 factors (V = 0.06,
F(7,257) =2.20, p =.035, n%=.06, medium effect). Figure 3 shows that on average, compared
to non-selected players, selected players had higher scores on adverse response to failure,
self-directed control and management, perfectionistic tendencies, seeking and using social
support, and clinical indicators, and lower scores on active coping.

Furthermore, there was a significant interaction effect of age group and selection

status on the seven PCDEQ-2 factors (V = 0.06, F(7, 257) = 2.17, p =.038, 1%=.06, medium
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effect). Figure 4 shows that on average, compared to the other groupings, selected senior
players had higher scores on adverse response to failure and perfectionistic tendencies, and
lower scores on imagery and active preparation, and active coping. Compared to the other
groupings, non-selected juniors had lower scores on adverse response to failure, self-directed
control and management, perfectionistic tendencies, and clinical indicators.

***INSERT FIGURE 1 HERE***
***INSERT FIGURE 2 HERE***

The two-way ANOVA for Factor 2 of the PCDEQ-2 (imagery and active preparation)
revealed a significant main effect for age group (F (1,263) =4.88, p = .028, n%=.02, small
effect) (Mean £ SD Junior = 4.58 £ 0.71 vs. Senior = 4.26 + 0.75) (Figure 2) with no
significant main effect for selection status (F(1,263) = 0.03, p = .871, n% < .001) (Figure 3)
but there was a significant interaction effect (F(1,263) =4.79, p = .029, n% = .02, small
effect) (i.e., junior non-selected = 4.39 + 0.81 vs. selected 4.63 £ 0.68 and senior non-selected
=4.39 + 0.75 vs. selected 4.18 £ 0.74 (Figure 4)). The two-way ANOVA for Factor 4
(perfectionistic tendencies), revealed significant main effects for age group (F (1,263) = 4.10,
p =.044, 1%, = .02, small effect) (Mean + SD Junior = 2.75 + 0.77 vs. Senior = 2.89 + 0.67)
(Figure 2) and for selection status (F (1,263) =3.97, p = .047, n% = .02, small effect) (Mean +
SD Non-selected = 2.73 + 0.65 vs. Selected = 2.87 £ 0.74) (Figure 3), but no significant
interaction effect (F(1,263) = 0.65, p = .42, n% = .002) (Figure 4). The two-way ANOVA for
Factor 7 (clinical indicators), revealed a significant main effect for age group (F (1,263) =
6.08, p =.014, 0%y = .02, small effect) (Mean + SD Junior = 1.95 + 0.75 vs. Senior = 2.11 +
0.68) (Figure 2), but there was no significant main effect for selection status (F (1,263) =
2.05, p = .154, 1%, = .008) (Figure 3), and no significant interaction effect (F(2,263) = 2.35, p
= .13, 1% = .009) (Figure 4). There were no other significant main effects or interactions
revealed by the two-way ANOVAs for the remaining factors of the PCDEQ-2.

12
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***|NSERT FIGURE 3 HERE***
***|NSERT FIGURE 4 HERE***

The MANOVA showed the extent to which junior, senior, and selected and non-
selected groups can be differentiated by the linear combination of the PCDEQ-2 factor scores
(Field, 2017). To understand how these combinations work in practice, we subsequently took
an individual profiling approach. For the individual-level analysis, figures 5-8 display the
four cases selected. The two cases with Mahalanobis distances from the 99™ centile were
Joanne (Figure 5) and Lyssa (Figure 6). The two cases with Mahalanobis distances from the

1% centile were Adela (Figure 7) and Marissa (Figure 8).
***INSERT FIGURE 5 HERE***
***INSERT FIGURE 6 HERE***

Examination of Figures 7 and 8 indicate that Adela and Marissa had similar multivariate
profiles to the whole sample. Despite such similar profiles, these individuals had different
levels of success within the talent development programme. That is, Adela, aged 15 years,
was not selected, whereas Marissa, aged 16 years, was selected to be a member of her age
group national team squad.

Joanne and Lyssa (Figures 5 & 6) also had differing levels of success, but at different
stages of the talent development programme, whereby Joanne (aged 21 years) was not
selected, and Lyssa (aged 17 years) was selected to their respective age group national team
squads. Unlike Adela and Marissa, these two players had very different multivariate PCDE
profiles to that of the whole group. For instance, while Joanne (Figure 5) had similar active
coping ratings to the whole sample (sample Mean = 5.06 vs. Joanne = 5.10), she had much
lower ratings on imagery and active preparation (sample Mean = 4.40 vs. Joanne = 2.33) and

self-directed control and management (sample Mean = 4.97 vs. Joanne = 2.36). In similar
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vein, while Lyssa (Figure 6) had similar imagery and active preparation ratings to the whole
sample (sample Mean = 4.40 vs. Lyssa = 4.60), she had much higher ratings on adverse
response to failure (sample Mean = 2.85 vs. Lyssa =5.10) and clinical indicators (sample
Mean = 2.05 vs. Lyssa = 4.78). These individual case analyses again highlight the need for an
individualised approach when using the PCDEQ-2 within a talent development programme.

***INSERT FIGURE 7 HERE***

***INSERT FIGURE 8 HERE***

Discussion

The aim of this study was to examine PCDE profiles across a female, national talent
development field hockey programme in North America. The results represent the first
benchmarks for PCDEQ-2 among female international field hockey players in a North
American talent development programme. Importantly, and reflecting recognised gaps in the
literature, the findings of this study provide data about a female talent development
population (Curran et al., 2019), and consider PCDEs at the group- and individual-level.

The MANOVA showed multivariate differences based on age, selection status, and
their interaction, within this already homogenous sample, suggesting that sub-groups within
this female, national talent development field hockey programme in North America may vary
dependent on their overall PCDE profiles. This is in line with previous work demonstrating
multivariate differences in high- and low-potential groups on the PCDEQ-2 in male soccer,
rugby union and rugby league athletes aged 13-19 years from the United Kingdom (UK) (Hill
et al., 2019). The MANOVA results support the notion that PCDEs are interrelated and
should be considered in combination (Laureys et al., 2021; MacNamara & Collins, 2011).
Nevertheless, the univariate ANOVA results may offer insight into particular areas of focus

when developing a PCDE curriculum within a team sport talent development environment.
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Indeed, univariate differences in some PCDEQ-2 factors such as imagery and active
preparation, perfectionist tendencies and clinical indicators were apparent between junior and
senior participants in the present study. In addition, differences in two of those factors,
imagery and active preparation and perfectionist tendencies, were observed between the
selected and non-selected athletes.

Interestingly, while it may be expected that where differences were observed the
senior group would score higher than the juniors, for the imagery and active preparation
factor the younger group recorded the higher scores. This is consistent with previous work in
male academy soccer players aged 11-16 years in the UK where imagery use during practice
and competition (as assessed using the PCDEQ; MacNamara & Collins, 2011), was shown to
decrease with age (Saward et al., 2020). Taken together, this may speak to the relative
importance of different psychological skills and behaviours at different times along an
athlete's development journey. For example, it may be that junior players lean heavily on
certain psychological skills (e.g., imagery and active preparation) to help them prepare for
and successfully navigate the novel and “first time” challenges of the national level
development environment. As players spend more time in that environment these same skills
may become less important. Of course, and pointing to some of the limitations of using the
PCDEQ-2 in isolation, exploring these differences qualitatively is also important. At junior
level, the selected players outscored the non-selected players for imagery and active
preparation which may suggest that PCDESs may support progression through the talent
system as prerequisites for learning and development (Abbott & Collins, 2004). This points
to the importance of psychosocial skills players bring to the challenge, rather than the nature
of the challenge alone (Collins et al., 2016a). It should also be noted that the imagery and
active preparation mean scores were relatively high, with all subgroups scoring 4.17 £ 0.74

(Mean = SD) or above, comparable with a large sample of male athletes aged 13 to 19 years
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from UK-based academy programmes in soccer and rugby (Hill et al., 2019). This makes a
strong case for the proactive development of PCDEs at the early stages of the talent
development pathway to help more young players to continue to develop, navigate challenges
and ultimately, effectively state their case for inclusion as the pathway narrows and selections
are made. Of course, at senior level those selected didn’t outscore the non-selected group
which highlights that PCDEs are just part of a much bigger picture, a formative guide to
practice and not a selection tool (Hill et al., 2019).

Alternatively, the results could be interpreted as shining a light on an area that may
require more emphasis in this female national field hockey talent pathway due to the “use it
or lose it” nature of some of these skills. It could be speculated that the younger athletes
entered the pathway with a skill set that without the active prompting of coaches and support
staff they lean on less as they progress. Of course, the results must be considered in the
context that the athletes are in — senior performance in a female field hockey national talent
development programme in North America is a qualitatively different environment to junior
performance, with increased demands, pressures and expectations that require a different and
more refined application of PCDEs. Therefore, it is worth considering not just the differences
between age groups and selection statuses but rather the individual profiles as these are
situated against each athlete's particular context.

The present group of talented female field hockey players exhibited significant
differences in the perfectionist tendencies factor for both age group (seniors scored higher
than juniors) and selection status (selected scored higher than non-selected). Previous
research has highlighted the goldilocks nature of this factor where ideally there is not too
much, not too little, there is just the right amount (Hill & Curran, 2016; Hill, 2018). The
potential dangers of high levels of perfectionism, particularly when individuals have concerns

over making mistakes, fear negative social evaluation, feel discrepancy between expectations
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and performance, and react negatively to imperfection (i.e., perfectionistic concerns) are well
documented (Hill & Curran, 2016). Thus, perfectionism is likely to be highly individual- and
context-specific, which is reflected in the different individual athlete profiles we have
reported.

It is also worthy of note that within this talent development pathway, seniors scored
higher than juniors on the clinical indicators factor, particularly at time where mental health
issues are prevalent both in young people in the general population (Wiens et al., 2020) and
within sporting talent development environments (Hill et al., 2016). While the average
reported values by these talented female field hockey players in North America are
comparable to that seen in talented male athletes from the UK (see Hill et al., 2019), the
increasing clinical indicators scores as players approach elite senior performance may be
useful in highlighting possible areas for focus within the current talent development
programme.

Implications for Practice

The PCDEQ-2 is a useful guestionnaire to assess and monitor the development and
deployment of PCDEs. However, although examining PCDEs at a group level may give
interesting insights into the general development of a group, and perhaps act as a monitoring
tool for a development curriculum (Collins et al., 2016b; Collins & MacNamara, 2022), it is
also important to recognise the individual nature of PCDEs and how quite different
combinations of PCDEs may facilitate progression for individuals. With this in mind, the
individual athlete profiles presented in this paper, offer guidance as to the usefulness of the
PCDEQ-2 as a formative assessment tool enabling practitioners to individualise support for
athletes within a team sport setting, in line with similar approaches adopted in individual
sports (Jones, 1993). For example, in terms of a multivariate profile, Joanne (Figure 5) has a

very different profile relative to the overall sample, demonstrating high scores on adverse
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response to failure, perfectionistic tendencies, and clinical indicators and low scores on
imagery and active preparation, self-directed control and management, and seeking and using
social support. As such, the use of the PCDEQ-2 at both group and individual levels would
seem an important function. In particular, individual profiling, as shown for Joanne and the
other selected cases, would allow individual-level assessment and intervention facilitating
bespoke support for players with their own relative strengths and weaknesses. In doing so we
can move towards a scenario where individuals are equipped with a full toolbox of
psychosocial skills that help them negotiate the challenges they are likely to encounter on
their particular trajectory. It is also important to note that the approach taken in the present
study whereby individual cases were examined in relation to their distance to the average
multivariate profile, accounts for the multidisciplinary and interactive nature of PCDEs (and
talent in general) whereby an individual can score low on a particular PCDE but can
compensate for this with strengths on other factors (Dohme et al., 2019). For example, Lyssa
(Figure 6) had a very different multivariate profile relative to the overall sample. While she
demonstrated high scores on some of the maladaptive and dual effect PCDEs, such as adverse
response to failure, clinical indicators, and perfectionistic tendencies she had an above
average score on imagery and active preparation. Indeed, although there were not significant
differences in some factors across groups (e.g., age, selection status), individual differences
were apparent within groups. It is also noteworthy that the individual cases identified from
the 99" and 1% centiles differed in terms of selection status, i.e. Adela’s PCDEQ-2 profile
(Figure 7) was very similar to the average, but she was not selected, whereas Lyssa’s
PCDEQ-2 profile was very different to the average, and she was selected, strengthening the
notion that the PCDEQ-2 is not intended to be a selection tool (Hill et al., 2019). As such, the
development of PCDEs within a talent development environment appears to require a

nuanced approach to account for differences at an individual level.
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The importance of knowing the athlete is a well-understood construct in coaching
(Jowett, 2017) and an essential factor in assessing and monitoring their needs as they engage
in a talent pathway. The PCDEQ-2, particularly when used at an individual level and as
formative tool to guide development rather than selection decisions, seems to be well placed
to support this function (Hill et al., 2019). However, there are some important points to
consider here. Firstly, although critical to development, PCDEs impact and are impacted by a
range of other factors — technical, tactical, social, environmental, coaching and lifestyle
factors. Therefore, assessing PCDEs in isolation without a holistic understanding of the
athlete and their context would seem to offer a limited insight and, in turn, limit the impact of
the findings. Instead, we would urge practitioners to use the PCDEQ-2 as one leg of the
assessment stool and integrate a range of different knowledge sources in order to best support
the athlete (Abraham et al., 2006; Collins & MacNamara, 2017). For example, in addition to
formal tools such as the PCDEQ-2 coaches, and other stakeholders, regularly employ
informal conversations, observations, debriefings to consider athlete behaviour before
intervening.

Limitations and Future Research

Current talent development in sport literature, particularly in relation to psychological
factors, is dominated by information concerning male athletes (Curran et al., 2019).
Conversely, the present study is the first to provide PCDEQ-2 data on developing talented
female athletes. Further research is required to build on this novel work to ensure that the
experiences of female athletes are better understood, which, in turn, would support the
development of talent development pathways for female athletes. This is particularly
important given that there are sex-based differences in the prevalence of certain
psychopathological problems in adolescent athletes that underpin one of the PCDEQ-2

factors (Schaal et al., 2011). Interestingly, maturational differences between males and
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females may also play a role and therefore necessitating the validation of the questionnaire
for a female population (Malina et al., 2015). In addition, the present study sampled athletes
from the “thin end of the wedge” who had already been filtered through multiple steps along
the talent development pathway before arriving at the selection camp. It is reasonable to
suggest that a less homogeneous sample may provide greater insights into the PCDEs that
differentiate between those who make it and those who do not.

The present study is also novel in that it considered the role of PCDEs within a female
talent development programme at both the team- and individual-level. It was highlighted that
a nuanced approach to monitoring and developing PCDEs within a talent development
programme was necessary. Future research is warranted to further explore these nuances
from both the athletes’ (e.g., an in-depth understanding of female athletes’ experiences of
developing and deploying PCDEs in the context of a team-sport talent development pathway)
and the coach’s (e.g., a rich understanding of using PCDEs to support decision making on the
talent development pathway) perspective. Such research should be longitudinal in nature to
further understand how PCDEs are developed across a talent development programme.
Conclusion

This study examined PCDE profiles across a female, national talent development field
hockey programme in North America. At the group-level, there were differences in overall
PCDEQ-2 profiles between players from different age groups and selection statuses. Also, at
the group-level, there were differences in individual PCDEQ-2 factors between players from
different age groups and selection statuses for imagery and active preparation, perfectionistic
tendencies, and clinical indicators. The group-level PCDEQ-2 scores provide the first
benchmarks for female athletes in talent development programmes, and also the first
benchmarks within a North American context. Furthermore, the age- and selection-group

differences identified in this study demonstrate the utility for using the PCDEQ-2 to evaluate
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and develop aspects of the curriculum within a talent development system. The present study
also demonstrated the utility of the PCDEQ-2 at the individual-level. Indeed, a subset of
individual athletes were selected based upon their unique PCDEQ-2 profile and compared to
the ‘average’. This highlighted that an athlete may have a PCDEQ-2 profile that differs
considerably from the group benchmarks presented, (and can still be successful) and so an
individualised approach to the development of PCDEs is warranted, rather than relying only
on group-level information to support athletes. Particularly, individual profiling allows
individual-level assessment and intervention facilitating bespoke support for players with
particular strengths and weaknesses against the challenges they are likely to encounter in

their pursuit of excellence.

21



524

525

526

527

528

529

530

531
532

533

534

535

536

537

538

539

540

541

542

543

544

545

Acknowledgements

We would like to thank the players for taking part in the study.
Declaration of interest statement

No potential conflicts of interest.

Funding details

No funding was received for this research.
Data availability statement

Due to the nature of this research, participants of this study did not agree for their data to be
shared publicly, so supporting data is not available.

22



546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

References

Abbott, A., & Collins, D. (2004). Eliminating the dichotomy between theory and practice in
talent identification and development: considering the role of psychology. Journal of Sports
Sciences, 22(5), 395-408.

Abraham, A., Collins, D., & Martindale, R. (2006). The coaching schematic: validation
through expert coach consensus. Journal of Sports Sciences, 24 (6), 549-564. DOI:

10.1080/02640410500189173

Burnette, J. L., O'Boyle, E. H., VanEpps, E. M., Pollack, J. M., & Finkel, E. J. (2013). Mind-
sets matter: A meta-analytic review of implicit theories and self-regulation. Psychological

Bulletin, 139(3), 655-701. doi:10.1037/a0029531

Collins, D. J., & MacNamara, A. (2017). Making champs and super-champs—Current views,
contradictions, and future directions. Frontiers in Psychology, 823. doi:

10.3389/fpsyg.2017.0082

Collins, D., & MacNamara, A. (2022). Talent Development: A Practitioner and Parents

Guide. Taylor & Francis.

Collins, D.J., MacNamara, A., & Cruickshank, A. (2019), Research and practice in talent
identification and development—some thoughts on the state of play. Journal of Applied Sport

Psychology, 3. doi:10.1080/10413200.2018.1475430

Collins, D. J., MacNamara, A., & McCarthy, N. (2016a). Super champions, champions and
almosts: Important differences and commonalities on the rocky road. Frontiers in Movement

Science and Sport Psychology, 6.

23


https://psycnet.apa.org/doi/10.1037/a0029531

567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

Collins, D. J., MacNamara, A., & McCarthy, N. (2016b). Putting the bumps in the rocky
road: Optimizing the pathway to excellence. Frontiers in Psychology, 7, 1482. doi:

10.3389/fpsyg.2016.01482)

Coté, J. and Hay, J. (2002) Children’s involvement in sport: A developmental perspective. In:
Silva, J.M. and Stevens, D.E., Eds., Psychological Foundations of Sport, Allyn & Bacon,

Boston, 484-502.

Coutinho, P., Mesquita, I., & Fonseca, A. M. (2016). Talent development in sport: A critical
review of pathways to expert performance. International Journal of Sports Science &

Coaching, 11(2), 279-293. doi:10.1177/1747954116637499

Credé, M., Tynan, M. C., & Harms, P. D. (2017). Much ado about grit: A meta-analytic
synthesis of the grit literature. Journal of Personality and Social Psychology, 113(3), 492—

511. doi:10.1037/pspp0000102

Curran, O., MacNamara, A., & Passmore, D. (2019). What about the girls? Exploring the
gender data gap in talent development. Frontiers in Sports and Active Living, 1(3).doi:

10.3389/fspor.2019.00003

Dohme, L. C., Piggott, D., Backhouse, S., & Morgan, G. (2019). Psychological skills and
characteristics facilitative of youth athletes’ development: A systematic review. The Sport

Psychologist, 33(4), 261-275.

Duckworth, A. L., Peterson, C., Matthews, M. D., & Kelly, D. R. (2007). Grit: Perseverance
and passion for long-term goals. Journal of Personality and Social Psychology, 92(6), 1087—

1101. doi: 10.1037/0022-3514.92.6.1087

Duckworth, A. L., Tsukayama, E., & May, H. (2010). Establishing causality using

longitudinal hierarchical linear modeling: An illustration predicting achievement from self-

24


https://psycnet.apa.org/doi/10.1177/1747954116637499
https://psycnet.apa.org/doi/10.1037/pspp0000102
https://psycnet.apa.org/doi/10.1037/0022-3514.92.6.1087

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

control. Social Psychological and Personality Science, 1(4), 311-317.

d0i:10.1177/1948550609359707

Dweck, C. S. (2017). Mindset: Changing the way you think to fulfil your potential. London,

Robinson.

Ericsson, K. A., Krampe, R. T., & Tesch-Romer, C. (1993). The role of deliberate practice in

the acquisition of expert performance. Psychological Review, 100(3), 363.

Field, A.P. (2017). Discovering statistics using IBM SPSS statistics. 5th edition. London:

SAGE Publications.

Fletcher, D., & Sarkar, M. (2016). Mental fortitude training: An evidence-based approach to
developing psychological resilience for sustained success. Journal of Sport Psychology in

Action, 7(3), 135-157. d0i:10.1080/21520704.2016.1255496

Henriksen, K., Stambulova, N., & Roessler, K. K. (2010). Holistic approach to athletic talent
development environments: A successful sailing milieu. Psychology of Sport and

Exercise, 11(3), 212-222. doi:10.1016/j.psychsport.2009.10.005.

Hill, A. P., & Curran, T. (2016). Multidimensional perfectionism and burnout: A meta-
analysis. Personality and Social Psychology Review, 20(3), 269-288. DOI:

10.1177/1088868315596286.

Hill, A., MacNamara, A., & Collins, D. (2015). Psychobehaviorally based features of
effective talent development in rugby union: A coach’s perspective. The Sport Psychologist,

29(3), 201-212. doi:10.1123/tsp.2014-0103

Hill, A., MacNamara, A., & Collins, D. (2019). Development and initial validation of the

Psychological Characteristics of Developing Excellence Questionnaire version 2

25


https://psycnet.apa.org/doi/10.1177/1948550609359707
https://psycnet.apa.org/doi/10.1080/21520704.2016.1255496
https://psycnet.apa.org/doi/10.1016/j.psychsport.2009.10.005
https://psycnet.apa.org/doi/10.1123/tsp.2014-0103

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

(PCDEQ?2). European Journal of Sport Science, 19(4), 517-528. doi:

10.1080/17461391.2018.1535627.

Hill A., MacNamara A., Collins D., and Rodgers S. (2016). Examining the Role of Mental
Health and Clinical Issues within Talent Development. Frontiers in Psychology, 6, 1-11. doi:

10.3389/fpsyq.2015.02042.

Hill, A. P., Mallinson-Howard, S. H., & Jowett, G. E. (2018). Multidimensional
perfectionism in sport: A meta-analytical review. Sport, Exercise, and Performance

Psychology, 7(3), 235. doi:10.1037/spy0000125.

Hogan, R., & Hogan, J. (2001). Assessing leadership: A view from the dark side.
International Journal of Selection and Assessment, 9(1-2), 40-51. doi:10.1111/1468-

2389.00162

Jones, G. (1993). The role of performance profiling in cognitive behavioral interventions in

sport. The Sport Psychologist, 7(2), 160-172.

Jowett, S. (2017). Coaching effectiveness: The coach—athlete relationship at its heart. Current

Opinion in Psychology, 16, 154-158.d0i:10.1016/j.copsyc.2017.05.006

Laureys, F., Collins, D., Deconinck, F. J., & Lenoir, M. (2021). Exploring the use of the
Psychological Characteristics of Developing Excellence (PCDES) in younger age groups:
First steps in the validation process of the PCDE Questionnaire for Children (PCDEQ-

C). PloS one, 16(11), €0259396. doi:10.1371/journal.pone.0259396

MacNamara, A., Button, A., & Collins, D. (2010a). The role of psychological characteristics
in facilitating the pathway to elite performance: Part 1: Identifying mental skills and

behaviors. The Sport Psychologist, 24(1), 52-73.

26


https://doi.org/10.1037/spy0000125
https://psycnet.apa.org/doi/10.1111/1468-2389.00162
https://psycnet.apa.org/doi/10.1111/1468-2389.00162
https://doi.org/10.1016/j.copsyc.2017.05.006
https://doi.org/10.1371/journal.pone.0259396

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

MacNamara, A., Button, A., & Collins, D. (2010b). The role of psychological characteristics
in facilitating the pathway to elite performance: Part 2: Examining environmental and stage-

related differences in skills and behaviors. The Sport Psychologist, 24(1), 74-96.

MacNamara, A., & Collins, D. (2011). Development and initial validation of the
psychological characteristics of developing excellence questionnaire. Journal of Sports

Sciences, 29(12), 1273-1286. doi: 10.1080/02640414.2011.589468

Malina, R. M., Rogol, A. D., Cumming, S. P., e Silva, M. J. C., & Figueiredo, A. J. (2015).
Biological maturation of youth athletes: assessment and implications. British Journal of

Sports Medicine, 49(13), 852-859. doi:10.1136/bjsports-2015-094623

Newton, J. A., & Holmes, P. S. (2017). Psychological characteristics of champion orienteers:
Should they be considered in talent identification and development? International Journal of

Sports Science & Coaching, 12(1), 109-118. doi:10.1177/1747954116684392

Orlick, T., & Partington, J. (1988). Mental links to excellence. The Sport Psychologist, 2(2),

105-130.

Phillips, E., Davids, K., Renshaw, I., & Portus, M. (2010). Expert performance in sport and
the dynamics of talent development. Sports Medicine, 40(4), 271-283. doi:

10.2165/11319430-000000000-00000

Saward, C., Morris, J. G., Nevill, M. E., Minniti, A. M., & Sunderland, C. (2020).
Psychological characteristics of developing excellence in elite youth football players in
English professional academies. Journal of Sports Sciences, 38(11-12), 1380-1386. doi:

10.1080/02640414.2019.1676526.

27


https://psycnet.apa.org/doi/10.1177/1747954116684392

655

656

657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

Schaal, K., Tafflet, M., Nassif, H., Thibault, V., Pichard, C., Alcotte, M., ... & Toussaint, J. F.
(2011). Psychological balance in high level athletes: gender-based differences and sport-

specific patterns. PloS one, 6(5), €19007. doi:10.1371/journal.pone.0019007

Seligman, M. E. P. (2011). Flourish: A visionary new understanding of happiness and well-

being. Free Press.

Simonton, D. K. (1999). Talent and its development: An emergenic and epigenetic model.

Psychological Review, 106(3), 435-457. doi:10.1037/0033-295X.106.3.435

Simonton, D. K. (2001). Talent development as a multidimensional, multiplicative, and

dynamic process. Current Directions in Psychological Science, 10(2), 39-43.

Sink, C. A., & Mvududu, N. H. (2010). Statistical power, sampling, and effect sizes: Three

keys to research relevancy. Counseling Outcome Research and Evaluation, 1(2), 1-18.

Toering, T., Elferink-Gemser, M., Jordet, G., Jorna, C., Pepping, G. J., & Visscher, C.
(2011). Self-regulation of practice behavior among elite youth soccer players: An exploratory
observation study. Journal of Applied Sport Psychology, 23(1), 110-128. doi:

10.1080/10413200.2010.534544

Toering, T. T., Elferink-Gemser, M. T., Jordet, G., & Visscher, C. (2009). Self-regulation and
performance level of elite and non-elite youth soccer players. Journal of Sports Sciences,

27(14), 1509-1517. doi:10.1080/02640410903369919

Toering, T., & Jordet, G. (2015). Self-control in professional soccer players. Journal of

Applied Sport Psychology, 27(3), 335-350. d0i:10.1080/10413200.2015.1010047

Tucker, R., & Collins, M. (2012). What makes champions? A review of the relative
contribution of genes and training to sporting success. British Journal of Sports Medicine, 46,

555-561.

28


https://psycnet.apa.org/doi/10.1037/0033-295X.106.3.435
https://psycnet.apa.org/doi/10.1080/02640410903369919
https://psycnet.apa.org/doi/10.1080/10413200.2015.1010047

678

679

680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

Van Yperen, N. W. (2009). Why some make it and others do not: Identifying psychological
factors that predict career success in professional adult soccer. The Sport Psychologist, 23(3),

317-329.

Wiens, K., Bhattarai, A., Pedram, P., Dores, A., Williams, J., Bulloch, A., & Patten, S.
(2020). A growing need for youth mental health services in Canada: examining trends in
youth mental health from 2011 to 2018. Epidemiology and Psychiatric Sciences, 29, e115, 1

9. doi: 10.1017/ S2045796020000281.

29



706

707
708

709
710

711
712
713

714
715
716

717
718

719
720

721
722

723
724

725

Figure Captions

Figure 1. Average (Mean + SD) scores on the PCDEQ-2 Factors in female field hockey
players (n=267) from an international talent development programme

Figure 2. Average (Mean + SD) scores on the PCDEQ-2 Factors in junior (n=114) and senior
(n=153) female field hockey players from an international talent development programme

Figure 3. Average (Mean + SD) scores on the PCDEQ-2 Factors in selected (n=182) and non-
selected (n=85) female field hockey players from an international talent development
programme

Figure 4. Average (Mean + SD) scores on the PCDEQ-2 Factors in selected junior (n=90),
non-selected junior (n=24), selected senior (n=92), and non-selected senior (n=61) female
field hockey players from an international talent development programme

Figure 5. Joanne's PCDEQ-2 profile compared to the average (Mean £ SD) PCDEQ-2 profile
of the whole sample

Figure 6. Lyssa's PCDEQ-2 profile compared to the average (Mean = SD) PCDEQ-2 profile
of the whole sample

Figure 7. Adela's PCDEQ-2 profile compared to the average (Mean + SD) PCDEQ-2 profile
of the whole sample

Figure 8. Marissa's PCDEQ-2 profile compared to the average (Mean = SD) PCDEQ-2
profile of the whole sample
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