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Abstract
Knowledge of the training requirements and environmental factors associated with expert sports
performance is essential for the design of effective sport programs and the creation of nurturing
practice environments. However, several limitations in the sport expertise development
literature restrict the application of current knowledge to practical settings. Results and
recommendations from existing studies are inconsistent, with discrepancies likely related to a
combination of small, homogenous sample sizes and differences in measurement tools.
Furthermore, the questionnaires and interview guides utilized are generally poorly validated. To
begin to address these limitations, the Developmental History of Athletes Questionnaire
(DHAQ) was constructed and rigorously validated. Results highlighted a number of issues
related to reliability of retrospective recall and sub-optimal questionnaire design. In an attempt
to resolve these issues, modifications were made to the DHAQ, and it was converted to an
online format to allow large scale distribution. Following modification and conversion, the
DHAQ was subjected to further reliability analyses. While several reliability issues were still
apparent and several further revisions were required, the amendments markedly strengthened
the measurement tool and the DHAQ can now start to be utilised in investigations of sport
expertise development. Continued assessments of validity of the updated, online DHAQ are
recommended; however, it is proposed that the DHAQ be considered the emergent standard tool
for the collection of athlete developmental history information, providing a major contribution
towards a comprehensive understanding of the development of sport expertise.
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Introduction
This chapter provides a brief review of the literature related to the development of sport
expertise. Gaps in, and limitations to, our understanding of long-term athlete development are
highlighted, providing a rationale for the direction of this thesis. An overview of the structure
and content of the thesis is provided.
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Expert sports performance is characterised by a variety of skills and abilities. For
example, high performance athletes display superior physical abilities such as strength, speed,
and balance, and execute advanced technical skills like shooting, striking, and acrobatics with
ease. Skilled performers are also often described as having ‗eyes in the back of their head‘ or
‗all the time in the world‘ as they demonstrate outstanding perceptual-cognitive skills such as
anticipation, decision making, and creativity. However, a question asked by many athletes,
coaches, parents, sports fans, and sport scientists, is ‗how did these athletes become so great‘?
Although there are studies of athlete development dating back to the mid-1800‘s (e.g.
Galton, 1869), many trace the systematic study of the development of expertise to 1985 and the
publication of ―Dev
eloping Talent in Young People‖ (Bloom, 1985). This landmark series of
studies investigating the developmental experiences of exceptional musicians, artists,
mathematicians, scientists, tennis players, and swimmers was the first to discuss World class
athletes‘ pathways toward expertise. The investigation described participants‘ progression
through three stages of development and provided a detailed account of characteristics within
the home and sporting environments believed to be influential on their success.
Since Bloom‘s exploration of the development of sport expertise, research has typically
fallen into four areas: 1) biological accounts of sport expertise development; 2) practice as the
primary contributor to the development of sport expertise; 3) environmental and contextual
factors influencing athlete development; and 4) multi-factorial approaches to the development
of talent. In brief, biological accounts of sport expertise development emphasise the contribution
of physical characteristics and capacities to expert performance. This line of research has
typically examined anthropometric (Hoare, 2000; Keogh, 1999; Pienaar, Spamer, & Steyn,
1998), physiological (Gabbett, 2002; Keogh, Weber, & Dalton, 2003; Vaeyens et al., 2006),
and/or genetic (Bray et al. 2010; Puthucheary et al., 2011; Tucker & Collins, 2012) correlates of
superior performance, with the aim of developing biological indicators for talent identification.
Practice accounts of sport expertise development suggest that expert performance is the
result of engagement in considerable volumes of high quality training. Research in this area has
typically sought to identify the types, volumes, and conditions of practice in which expert
athletes have engaged throughout the history of their involvement in sport, in order to
understand the practice requirements to attain expertise (Baker, Côté, & Abernethy, 2003a;
Baker, Côté, & Abernethy, 2003b; Deakin & Cobley, 2003; Helsen, Starkes, & Hodges, 1998;
Hodge & Deakin, 1998; Hodges, & Starkes, 1996; Hodges, Kerr, Starkes, Weir, & Nananidou,
2004; Starkes, Deakin, Allard, Hodges, & Hayes, 1996; Ward, Hodges, Starkes, & Williams,
2007; Young & Salmela, 2002). This line of research has also explored the contribution of
participation in multiple sports (Baker et al., 2003b; Baker, Côté, & Deakin 2005; Berry,
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Abernethy, & Côté, 2008; Ford & Williams, 2008; Ward et al. 2007; Memmert, Baker, &
Bertsch, 2010; Oldenziel, Gagné, & Gulbin, 2003; Soberlak & Côté, 2003) and playful sporting
games (Berry et al., 2008; Ford, Ward, Hodges, & Williams, 2009; Memmert et al., 2010;
Soberlak & Côté, 2003) to the development of sport expertise, generally highlighting a positive
association between expertise and participation in these activities.
Environmental and contextual accounts of the development of sport expertise focus on
external influences on athlete development. Examples of environmental and contextual factors
found to be influential on the development of sport expertise include birth date (Barnsley,
Thompson, & Barnsley, 1985; Cobley, Schorer, & Baker, 2008; Helsen, van Winckle, &
Williams, 2005; Wattie, Baker, Cobley, & Montelpare, 2007), birthplace (Baker & Logan,
2007; Carlson, 1988; Curtis & Birch, 1987; Côté, MacDonald, Baker, & Abernethy, 2006;
MacDonald, King, Côté, & Abernethy, 2009), familial support (Côté, 1999; Kay, 2000; Lauer,
Gould, Roman, & Pierce, 2010; Sloane, 1985), coaching (Bloom, 1985; Durand-Bush &
Salmela 2002; Gibbons, Hill, McConnell, Forster, & Moore, 2002; Oldenziel et al., 2003),
deliberate programming and sport medicine / sport science support (Bullock, Gulbin, Martin,
Ross, Holland, & Marino, 2009; Durand-Bush, & Salmela, 2002; Smith, 2003), cultural
importance of sport (Baker & Horton, 2004; Salmela & Moraes, 2003), sport maturity (Baker &
Horton, 2004), and depth of competition (Baker & Horton, 2004). An understanding of
contextual influences such as these allows for the provision of recommendations regarding the
environmental conditions required to promote optimal long-term athlete development.
Finally, multi-factorial approaches to the development of expertise recognise the
complimentary and synergistic contributions of biological, practice, and/or contextual factors to
sport expertise, and advocate holistic models of expertise development. Examples of multifactorial models proposed to enhance our understanding of athlete development include Gagne‘s
(2004) Differentiated Model of Giftedness and Talent, emphasising the influence of
interpersonal, environmental, and chance factors on the transformation of gifts into talents;
Bailey et al.‘s (2010) biopsychosocial model of development, emphasising the importance of
biological, psychological, and social influences on athlete development; and Phillips, Davids,
Renshaw, and Portus‘ (2010a) dynamic systems approach to talent development, emphasising
the individual nature of developmental pathways. This line of research encourages researchers
and practitioners to consider the wide variety of influences on the development of sport
expertise when designing studies and practice environments.
Upon the recommendation of multi-factorial approaches to the development of sport
expertise, this thesis addresses a variety of practice and contextual influences on athlete
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development, ultimately aiming to extend our understanding of the associations and interactions
between the attainment of sport expertise and these factors.
A brief review of the literature adopting a practice-based approach to the investigation
of expertise development highlights some discrepancies in recommendations of optimal
requirements and pathways for the development of sport expertise. Compare, for example,
Ericsson and colleagues‘ deliberate practice framework (Ericsson, Krampe, & Tesch-Römer,
1993), Côté and colleagues‘ Developmental Model of Sport Participation (DMSP; Côté, Baker,
& Abernethy, 2007; Côté & Fraser-Thomas, 2007; Côté & Hay, 2002), and Ford and
colleagues‘ early engagement hypothesis (Ford et al., 2009).
The deliberate practice framework suggests that expert performance in a given domain
is the result of large amounts of effortful practice, and individuals who engage in high levels of
practice from an early age will outperform those who have completed similar practice, but did
not start until a later age (Ericsson et al., 1993). The DMSP recognises that large amounts of
deliberate practice from an early age may be necessary for expert performance in sports where
athletes typically reach their peak prior to puberty (for example, gymnastics and figure skating),
however, the model proposes an alternative three-stage approach for sports in which peak
performance occurs later (Côté et al., 2007; Côté & Fraser-Thomas, 2007).
The first stage of the DMSP, known as the ‗sampling years‘, is characterised by
participation in a variety of sports, large amounts of involvement in playful sporting games
(termed deliberate play; see Côté & Hay, 2002), and small amounts of deliberate practice.
During the ‗specializing years‘, a gradual reduction in activities and a balance of deliberate play
and deliberate practice are typical, and it is not until the ‗investment years‘, usually
encompassing ages 16 and beyond, that a focus on one sport and large amounts of deliberate
practice are common. In contrast, the early engagement hypothesis proposes that the pathway to
expert performance involves a combination of deliberate practice and sport specific deliberate
play from a young age, but not necessarily participation in other sports (Ford et al., 2009).
Similar inconsistencies are observable in a brief review of the literature examining the
development of sport expertise from a contextual approach, with equivocal results concerning
the importance of birth date and birthplace on sport expertise development (Cobley, Baker,
Wattie, & McKenna, 2009; Baker, Schorer, Cobley, Schimmer, & Wattie, 2009). Furthermore,
the evidence pertaining to the influence of other environmental and contextual factors such as
family, sport medicine / sport science support, and culture on the attainment of sport expertise is
limited, warranting further investigation in these areas.
The lack of uniformity in current findings and the absence of clear conclusions relating
to optimal conditions for the development of sport expertise may reflect the complexity of sport
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expertise development and the diversity of potential pathways toward expert performance
(Phillips et al. 2010a). However, there are a number of methodological differences and
limitations within the studies on which the findings described above are based, and indeed
within this field of research in general, which must be considered.
The majority of investigations relating to sport expertise development involve
retrospective recall techniques where athletes are required to think back to as early as age five,
and identify details of their participation in various sporting activities throughout the years.
Many studies have adopted a qualitative retrospective recall approach, conducting a series of
open-ended interviews with athletes, parents, and coaches (Baker et al., 2003a; Baker et al.,
2003b; Baker et al., 2005; Berry et al., 2008; Bloom, 1985; Carlson, 1988; Côté, 1999; DurandBush & Salmela, 2002; Law, Côté, & Ericsson, 2007; Phillips, Davids, Renshaw, & Portus,
2010b; Soberlak & Côté, 2003; Weissensteiner, Abernethy, & Farrow, 2009). Although
qualitative interviews generate large amounts of detailed information, this approach is
particularly labour intensive and time consuming. As a result, sample sizes are typically small,
including athletes from just one or a small number of sports, who are often members of the same
sporting team. Therefore, the generalisability of findings to athletes from a more diverse range
of sports and scenarios is limited.
Quantitative questionnaires provide an alternative approach to qualitative interviews to
overcome the limitations associated with small sample sizes. Initially, the use of questionnaires
in studies of sport expertise development were confined to simple investigations of hours spent
participating in various activities (Helsen et al., 1998; Hodges & Starkes, 1996; Starkes et al.,
1996) and in fact, the participant samples involved in these studies were still relatively small
and homogenous. More recently, however, several groups have administered in-depth
questionnaires to large numbers of athletes, occasionally from a wide variety of sports, in order
to obtain a more detailed understanding of the factors associated with sport expertise
development (Gibbons et al., 2002; Memmert et al., 2010; Moesch, Elbe, Hauge, & Wikman,
2011; Oldenziel et al., 2003; Ward et al., 2007). Despite these recent multi-dimensional, large
scale investigations of sport expertise development, a noteworthy issue remains, namely that
each study usually incorporates a unique measurement tool, making comparison of results and
recommendations between studies difficult because athletes tend to be asked different questions,
in different ways.
Another limitation of previous research regarding the development of sport expertise
concerns the validity and reliability of the measurement tools utilised. It is important to note that
the majority of studies have included a test of validity and/or reliability for their particular
construct. Common methods for verification of the trustworthiness of the data have included
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triangulation with parent and/or coach interviews (Baker et al., 2003a; Baker et al., 2003b;
Berry et al., 2008; Durand-Bush & Salmela, 2002; Law et al., 2007; Oldenziel et al., 2003;
Soberlak & Côté, 2003), comparison with training diary information (Baker et al., 2005; Helsen
et al., 1998; Hodges, & Starkes, 1996; Ward et al., 2007), consultation of independent records
such as news items and published results (Berry et al., 2008; Durand-Bush & Salmela, 2002;
Law et al., 2007; Phillips et al., 2010a), and test-retest measures (Ford & Williams, 2008;
Helsen et al., 1998; Memmert et al., 2010; Moesch et al., 2011; Ward et al., 2007). However, in
almost all cases, only a small number of items within the full interview guide or questionnaire
were selected for the validity and reliability analyses. In each of these studies, the establishment
of validity and reliability of the measurement tools utilised has been secondary to the testing of
hypotheses relating to the development of sport expertise.
Measures commonly assessed for validity and reliability include estimates of weekly
practice hours (Baker et al., 2003b; Helsen et al., 1998; Hodges & Starkes, 1996; Moesch et al.,
2011; Oldenziel et al., 2003; Ward et al., 2007), yearly practice hours (Baker et al., 2003a;
Baker et al., 2003b; Baker et al., 2005; Helsen et al., 1998; Law et al., 2007; Ward et al., 2007),
or cumulative practice hours across athletes‘ careers (Baker et al., 2005; Memmert et al., 2010;
Soberlak & Côté, 2003); and occasionally, age at first participation in main sport (Memmert et
al., 2010; Oldenziel et al., 2003; Ward et al., 2007), or total years of involvement in main sport
(Law et al., 2007; Memmert et al., 2010). In studies examining participation in other organised
sports and deliberate play, the number of activities reported (Baker et al., 2003b; Berry et al.,
2008; Law et al., 2007; Memmert et al., 2010; Oldenziel et al., 2003; Soberlak & Côté, 2003),
and hours of involvement in these activities (Memmert et al., 2010; Soberlak & Côté, 2003) are
also occasionally assessed for validity and/or reliability.
In general, validity and reliability of recall for hours of involvement in practice
activities is typically quite good, with Pearson correlation coefficients between the primary
measure of interest and the relevant comparative measure ranging from .59-.97. Similarly, age
at first participation in main sport and total years of involvement in main sport have been
reported to demonstrate Pearson correlation coefficients of .79-.99, and on occasion, even 100%
agreement between data sources. Agreement between primary and secondary data sources is
also typically strong for number of sporting activities, with percent agreement values reported
between 88-100%; although, Oldenziel and colleagues (2003) reported a low Pearson
correlation coefficient for number of sporting activities of .26. While validity and reliability of
recall for time involved in deliberate play has only been assessed in a small number of studies, it
does not appear to be as strong as validity and reliability of recall for time involved in deliberate
practice. For example, Memmert et al. (2010) reported a test-retest reliability Pearson
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correlation coefficient of .79 for total cumulative hours of involvement in deliberate practice,
but the Pearson correlation coefficient for cumulative hours of involvement in deliberate play
was only .70. Similarly, Soberlak and Côté (2003) reported a 30% difference between athletes
and parents accounts of time involved in deliberate play compared to just a 1% difference for
time involved in deliberate practice. Despite the apparent lower levels of validity and reliability
of recall for time involved in playful activities compared to practice activities, the values
reported still indicate a reasonable level of agreement. Details pertaining specifically to athletes‘
main sport, on the other hand, appear to be typically recalled with good validity and reliability.
Although previous investigations of validity and reliability of retrospectively recalled
athlete developmental history information have demonstrated reasonable consistency and
agreement of measures, it remains problematic that validity and reliability assessments have
typically only been conducted on a small number of items within each investigation, and
establishment of validity and reliability of the measurement tools has been secondary to the
testing of hypothesis relating to sport expertise development. Given the retrospective nature of
research in this area, validity and reliability of recall is a key concern and deserves greater
attention than it typically receives.
As such, there is great value in constructing and validating a measurement tool to
collect quantitative, objective information related to athlete developmental histories from large,
diverse samples of participants. A questionnaire is recommended over an interview-based tool,
as this style is more suitable for large scale administration. As well, inclusion of items similar to
those previously investigated is required to facilitate examination of the generalisability of
existing knowledge; however, the addition of new items is also necessary to extend our
understanding of influences on athlete development for which our knowledge is currently
limited. Most importantly, it is essential that the instrument rates highly in scores of validity and
reliability on all items in order to ensure maximal accuracy of responses.
When examining validity and reliability, it is important to consider concurrent validity,
convergent validity, test-retest reliability, and internal consistency. Concurrent validity is
demonstrated when a test score or measurement instrument correlates well with a criterion
measure such as another tool that has been previously validated; while convergent validity
indicates that measures designed to supposedly address the same underlying construct are, in
fact, in agreement (Bryant, 2000). Test-retest reliability refers to the ability of the instrument to
elicit the same results when completed by the same respondent, under the same conditions, on
two separate occasions; and internal consistency signifies that items within a single tool that
propose to measure the same general construct, converge on the same conclusions (Strube,
2000). It would also be valuable to assess the predictive validity of the measurement tool (i.e.
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the ability of the instrument to predict a criterion measure assessed at a later time point; Bryant,
2000); however, in the context of sport expertise development, a considerable period of time
following administration of the questionnaire would be required to ascertain whether athletes
ultimately attained expertise. Therefore, assessment of predictive validity is outside the scope of
this thesis, but should be considered in future research.
Thus, this thesis aimed to construct and validate a new measurement tool for collecting
quantitative data pertaining to athlete developmental histories. Once validated, this instrument
can then be used for subsequent large scale examinations of long-term athlete development to
work towards a comprehensive understanding of the development of sport expertise. To achieve
this aim, four methodological and experimental phases were completed. This thesis outlines
each of the four phases in detail.
Study phase one involved construction of the Developmental History of Athletes
Questionnaire (DHAQ). The related chapter of this thesis describes the original structure and
content of the DHAQ, including a review of key literature influencing the design of the
questionnaire, and evidence-based rationale to support the inclusion of each item. Study phase
two aimed to establish the validity and reliability of the DHAQ, with the associated chapter
describing the methodology and findings of the investigation. Based upon the results and
recommendations of study phase two, phase three involved modifying the DHAQ to improve
the quality of the instrument. In addition, to aid large scale distribution of the DHAQ, following
modification, the questionnaire was converted from a paper-based format to an online format.
Details of all revisions, along with an updated outline of the structure and content of the DHAQ
are provided in the chapter titled ―St
udy Phase Three: Modification and Online Conversion of
the Developmental History of Athletes Questionnaire‖. This chapter also includes information
regarding the online conversion of the DHAQ, along with an outline of benefits and limitations
of web-based measurement tools. Given the large number of modifications and online
conversion of the questionnaire, the DHAQ was then subjected to further reliability analyses. As
such, study phase four aimed to reassess test-retest reliability of the updated, online DHAQ.
Procedures and results are described in the associated chapter.
Following presentation of the four phases of this research, a general discussion of
findings is provided. Further, to contextualise this thesis within the wider body of related
knowledge, the general discussion chapter also outlines major contributions of this research to
the field of sport expertise development, as well as potential extensions and applications in
additional domains. Afterward, future directions emerging from this investigation are suggested,
and a brief overview and re-cap of the thesis is offered in conclusion.
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It is important to note that assessment of validity and reliability of the DHAQ involved
extensive statistical analyses of great amounts of data. As such, this thesis includes a large
number of detailed tables outlining the results of these analyses. Many of these tables extend
over multiple pages, with some spanning a particularly high number of pages. To assist
interpretation of the data alongside discussion of results, all tables have been provided in a
separate volume, Supplement One. Furthermore, to aid navigation, the structure and format of
all results tables are identical, including consistent statistical notation. All results presented in
tabular form within Supplement One are discussed in general terms within the text; however,
the tables provide more comprehensive information regarding the classification of items as
having very good, good, moderate, or poor reliability and/or validity.
Similarly, Appendices A-I are also provided in a separate volume, Supplement Two.
Supplement Two includes details of ethical approval, participant information sheets and consent
forms, and copies of the DHAQ. Presentation of appendices in this manner allows for
simultaneous consultation of related documents, statistical data, and text, to maximise
understanding and interpretation of methodological procedures and results.
First and foremost, however, an introduction to the structure and content of DHAQ
must first be provided. This is the focus of the next chapter.
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Study Phase One: Construction of the Developmental History of
Athletes Questionnaire
This chapter describes the DHAQ and outlines previous research that was highly influential
during its construction. Key literature influencing the general design of the DHAQ is outline,
followed by a detailed account of the structure and content of the questionnaire. An evidencebased rationale is provided to support the inclusion of each item in the questionnaire.
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Design of the Developmental History of Athletes Questionnaire
Interview guides, questionnaires, results, and recommendations of previous research
were used as a basis for the construction of the DHAQ. In particular, the interview guide utilised
by Côté and colleagues (2005) provided the major foundation for the DHAQ, as this interview
procedure is one of the few measurement tools for the collection of athlete developmental
histories that has undergone rigorous validity and reliability testing. Additional studies that were
particularly influential on the design of the DHAQ included Baker et al. (2003a; 2003b), Helsen
et al. (1998), Hodges and Starkes (1996), Starkes et al. (1996), Soberlak and Côté (2003), and
Ward et al. (2007).
These studies were selected as a basis for the DHAQ as all involved collection of
retrospective athlete developmental history information via partially validated measurement
instruments; and all except one (Ward et al., 2007) were identified among the most prominent
articles in the athlete development literature during Bruner and colleagues‘ (Bruner, Erikson,
McFadden, & Côté, 2009; Bruner, Erikson, Wilson, & Côté, 2010) citation network analyses of
the field. It is possible that the later publication date of the influential study by Ward et al.
(2007) may have contributed to its exclusion from the list of prominent athlete development
articles highlighted in the citation network analyses (Bruner et al., 2009; Bruner et al., 2010).
Noticeably absent from the identified studies influencing the design of the DHAQ are
two large scale, multi-sport investigations of athlete development (Gibbons et al., 2002;
Oldenziel et al., 2003). At the time of construction of the DHAQ, results from these
organisational reports had not been published in peer-reviewed journals, so the measurement
tools had not been subjected to the same level of scientific scrutiny as those utilised within other
investigations [see Gulbin, Oldenziel, Weissensteiner, & Gagné (2010) for a recent publication
of data from the National Athlete Development Survey]. Furthermore, many aspects of these
questionnaires focused on athletes‘ perceptions of their talent, experiences, and the factors that
influenced their development. It has previously been shown that subjective information is
recalled less reliably than objective information, so where possible, objective measures should
be obtained (Côté et al., 2005). Consequently, although reviewed and considered, the
questionnaires utilised by Gibbons et al. (2002) and Oldenziel et al., (2003) were not highly
influential on the design of the DHAQ.

31

Structure and Content of the Developmental History of Athletes Questionnaire
Amalgamation of the instruments, results, and recommendations of previous research
resulted in the synthesis of ten distinct sections for the DHAQ, each relating to a different aspect
of athlete development. Below is a summary of the information gathered in each section along
with a brief description of its relevance for studies of sport expertise development. The full
version of this initial questionnaire is provided in Appendix A.
1. Demographic Information
Section one focused on basic demographic information including sex, date of birth,
nationality, and country of residence. This information facilitates comparative analyses of
developmental histories between sexes, cultures, and countries. Date of birth is a particularly
important variable as it can be utilised in examinations of the relative age effect (Baker et al.,
2009; Barnsley et al., 1985; Musch & Grondin, 2001), and in investigations of generational
trends in the development of sport expertise. Items in this section required short open responses
or selection of the most appropriate option from a list.
2. Sporting Career and Milestones
Section two relates to general information about the athlete‘s sporting career.
Participants indicated their main sport, the highest level of competition they had participated at
for this sport, and their greatest sporting achievement. Athletes then provided the ages at which
they first moved house for reasons related to sport, formed the idea to become an elite athlete,
set themselves the goal of becoming an elite athlete, and reached the peak of their career (if
applicable). Next, a brief timeline of involvement in various practice activities was collected via
identification of the ages at which the athletes first participated in regular supervised practice,
unsupervised practice, non-sport specific practice, and informal play related to their main sport,
as well as the age at which they first participated in off-season or year-round practice.
This was followed by a brief timeline of progression through the various levels of
competition, with athletes indicating the ages at which they first participated at each of the club,
regional, state, national, and international levels of competition, as well as the ages at which
they were first recognised among the top 5 performers for their age group at each of those
levels, and ultimately the best performer for their age group (if applicable). Last, this section
required athletes to identify particular times they noticed a change in their participation or
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success in their main sport, marking a transition from one stage of their career to another. The
items in this section were similar to those included in previous studies of sport expertise
development (Abernethy, Côté, & Baker, 2002; Ford & Williams, 2008; Law et al., 2007).
Identification of athletes‘ main sport is essential for comparative analyses of
developmental histories across sports, and information related to the highest level of
competition and greatest sporting achievement can be used to differentiate athlete skill level.
While it is common to examine expert-novice differences in sport performance, studies of sport
expertise strive to identify the factors that differentiate the most successful performers from
those who may still be classified as highly skilled, but are not recognised as the best in their
field. Although highest level of competition may provide a crude indication of skill level,
identification of each participant‘s greatest sporting achievement can assist in constructing a
more detailed skill level classification system, allowing for a closer examination of skill level
differences in developmental histories.
Milestones such as relocating for reasons related to sport, forming the idea to become
an elite athlete, setting the goal to become an elite athlete, reaching the peak of a career, and
transitional phases, provide markers to help differentiate the stages through which elite athletes
progress on their path to expertise; and information regarding athletes‘ introduction to various
practice activities and their progression through the representative levels of competition can
assist in the identification of recommendations for developmentally appropriate coaching and
sport programming. For example, Fraser-Thomas, Côté, & Deakin (2008) identified that former
athletes who dropped out of sport during adolescence reached a variety of sporting milestones at
a younger age than athletes still engaged in their sport, suggesting that early involvement in
some activities may be detrimental to long-term athlete development. As the study by FraserThomas et al. (2008) was limited to the sport of swimming, further research in this area is
required. Finally, information obtained within this section could also be utilised to explore
associations between involvement in practice activities (obtained within later sections of the
questionnaire) and competitive success, contributing to our understanding of the relationship
between practice and performance. All items in this section required short open responses or
selection of the most appropriate option from a list.
3. Family Characteristics and Participation in Sport and Physical Activity
The next section of the DHAQ collected information concerning the athlete‘s
immediate family and their involvement in physical activity and competitive sport. Previous
research has identified the influential role of the family and home environment on the
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development of sport expertise, proposing that without the appropriate provision of resources
and support from the family, it is unlikely that expertise will be attained (Bloom, 1985; Côté,
1999). Additionally, Bloom‘s (1985) findings indicated that sport was particularly valued in the
homes of developing athletes, opportunities for participation in sporting activities were
plentiful, and sports were a popular family activity. To continue to explore familial influences
on sport expertise development, in section three athletes indicated the regularity of their
immediate family‘s participation in physical activity, listed the competitive sports that each
member of their immediate family participated in, and recorded the highest level of competition
they reached for each of the sports identified.
Demographic information including date of birth, nationality, and the ages during which
the athlete lived with each family member was obtained, along with the sex of each sibling, and
the occupations of each parent. This information is important in order to identify the contextual
factors associated with the athlete‘s home environment during the early stages of their sporting
career. Furthermore, knowledge of siblings‘ birth dates can be used to investigate the influence
of birth order on the development of sport expertise. Limited evidence exists to suggest that
order of birth among siblings has the potential to influence participation in sport (Landers,
1979) and attainment of success in sport (Clark, 1982), with previous research suggesting that
later born siblings more likely to participate in and achieve success in sport than first born
siblings. Therefore, further investigation in this area is warranted. Items in section three required
short open responses or selection of the most appropriate option from a list.
4. Places of Residence
Section four was designed to provide further information regarding the environmental
context of athletes‘ development. Specifically, this section addressed the influence of place of
residence on the development of sport expertise. Previous investigations have indicated that a
disproportionately large number of elite athletes grew up in small to medium sized towns with
populations of approximately 1,000 to 500,000 people (Côté et al., 2006; MacDonald et al.,
2009). It has been suggested that the physical and psychosocial environments of small to
medium sized towns may be more conducive for plentiful and positive sporting experiences
than very small towns or large cities (Côté et al., 2006).
Support for the birthplace effect, however, has been equivocal (Baker et al., 2009), and
as such requires further investigation. Studies of the birthplace effect to date have typically
extracted data pertaining to birthplace or home town from professional athletes‘ open source
biographical records (Baker & Logan, 2007; Baker et al., 2009; Côté et al., 2006; Curtis &
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Birch, 1987; MacDonald et al., 2009). As a result, investigations have failed to take into
consideration the possibility that athletes may have relocated to a different residence prior to or
during their early sporting experiences; in which case, another town, potentially of a different
population, may have been more influential on their development than their birthplace. This
issue was highlighted by Baker et al. (2009), who observed inconsistencies between the location
of German athletes‘ birthplace and the location of their first club, hence questioning the validity
of birthplace as a proxy for athletes‘ early developmental environments.
Accordingly, it is important to consider not only athletes‘ birthplace, but also place of
residence during various stages of development. It would also be interesting to identify
relocations for reasons relating to sport, including athletes‘ age and stage of development at the
time of relocation, as well as the nature of the relocation (i.e. from a smaller city to a larger city,
to a state or national training centre etc.), in order to explore the potentially reciprocal
relationship between place of residence and the development of sport expertise in more detail.
Therefore, items in this section required participants to recall the location of each home in
which they have lived, the ages during which they lived there, and who they lived with. For
each new place of residence, athletes were also required to specify the particular reason for
relocation. This information allows for examination of typical city sizes during various stages of
development, as well as identification of when, and how many times athletes relocated for
reasons related to sport. All responses for section four were provided in chart format.
5. Organised Sport Practice History
This section of the DHAQ addresses athletes‘ participation in sports other than their
main sport. One of the most debated areas in the literature relating to the development of sport
expertise surrounds early specialisation or diversification as the optimal pathway for success.
The deliberate practice framework (Ericsson et al., 1993) suggests that in order to attain
expertise in any given domain, it is important to engage in large amounts of highly structured,
highly effortful practice activities that are designed with the specific goal of performance
improvement. The framework proposes that the effects of practice are cumulative, so a
participant who initiates deliberate practice at a later age will be unable to catch up and surpass
another who began at an earlier age. However, large investments in a single sport at a young age
are also associated with a number of risks and detrimental effects that could outweigh the
performance benefits of engaging in such high amounts of practice (Wiersma, 2000).
Early diversification has been proposed as an alternative pathway towards sport
expertise (Baker, 2003). This approach suggests that it is more beneficial to engage in a number
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of different sporting activities throughout the early stages of learning, as this encourages the
development of a wider range of fundamental movement skills, physiological capacities, and
cognitive abilities that can be transferred from one activity to another (Baker, 2003). In addition,
a diversified approach to development has been associated with a reduction in the number of
practice hours required to attain expertise in the eventual chosen domain (Baker et al., 2003b).
In section five, athletes recalled all of the organised sporting activities they participated
in, other than their main sport. For each year of their involvement in each other sport, athletes
were required to indicate the number of months per year they participated in this sport, along
with the average number of hours per week they engaged in all practice and competition
activities combined. Athletes were also asked to identify the highest level of competition they
participated at during each year of their involvement in each of the organised sports listed. The
information in this section provides a detailed view of not only the number and types of sports
participated in, but also the depth and competitive level of involvement in each particular sport.
The procedures in section five are similar to those utilised by Baker et al. (2003b; 2005), Berry
et al. (2008), and Côté et al. (2005), requiring the completion of a single chart encompassing all
of the aforementioned items.
6. Participation in Informal, Playful Sporting Games
Section six of the DHAQ was designed to investigate athletes‘ involvement in
deliberate play. Deliberate play refers to those activities that are loosely structured and involve
minimal adult supervision; participation is voluntary and the activities are enjoyable,
intrinsically motivating, and provide immediate gratification (Côté & Hay, 2002). It has been
suggested that these kinds of activities not only develop fundamental movement skills, but also
provide the enjoyment and motivation necessary for continued involvement in organised
sporting activities (Côté & Hay, 2002). Deliberate play has been identified as influential in the
development of sport expertise within small samples of athletes (Baker et al., 2003b; Berry et
al., 2008; Ford et al., 2009; Soberlak & Côté, 2003). As such, further investigation into the
generality of this finding across a larger, more diverse sample of athletes is required.
Therefore, in this section, athletes were asked to recall details of their participation in
any informal, playful sporting games that resembled competitive sports but may have involved
modified rules and/or equipment, and did not involve formal instruction or supervision. Similar
to the approach adopted by Baker et al. (2003b), Berry et al. (2008), and Côté et al. (2005),
athletes identified all activities they engaged in that fit this description, along with the ages
during which they regularly participated in each activity. For each year of their participation in
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each informal, playful sporting game, the number of months per year and the average number of
hours per week they typically engaged in this activity were also recorded.
Additionally, information regarding who athletes‘ tended to play these games with, the
ages of these people (three or more years younger/older, one to two years younger/older, or
around the same age), and where these games were generally played (back yard, local streets,
local park, local school yard etc.) was collected in order to gain a more detailed understanding
of the context of engagement in these informal, playful sporting games, This section aimed to
identify the influence and relative importance of participation in deliberate play during the early
stages of development, and the context in which deliberate play occurs. Once again, all
responses for section six were provided in chart format.
7. Main Sport Practice and Competition History
Section seven of the DHAQ was the most extensive, as it covered various aspects of
athletes‘ involvement in their main sport. This section included a number of sub-sections
addressing different components of athletes‘ practice and competition history. A description of
each of the sub-sections is provided below.
7.1 General involvement in main sport. Athletes were first asked to provide general
information regarding their involvement in their main sport. For each year of their participation,
athletes recalled the total number of months involved in their main sport, the average number of
hours per week engaged in all practice and competition activities combined, the average number
of practice sessions per week, and the average frequency of competitions. Additionally, for each
year of involvement, athletes indicated the highest level of competition reached, any significant
achievements obtained, and the main reason for their participation.
Details of practice and competition involvement are important to assess the nature of
the relationship between hours of practice and performance (Ericsson et al., 1993; Simon &
Chase, 1973). Coupled with indicators of highest level of competition and significant
achievements, details of the number of hours per week and months per year involved in all
activities relating to the athlete‘s main sport can be utilised to quantify the time commitment
associated with different stages of development and increasing levels of expertise. This
information can then be compared between sports, countries, sexes, and skill levels.
Identification of the main reason for the athlete‘s participation in their main sport during
each year of their involvement was incorporated into the DHAQ to explore how motivations for
participation change over time, and how these motivations may be related to time spent in
practice and/or performance. This item was inspired by Bloom‘s investigations of the
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development of talent (1985) which highlighted that exceptional performers transition through
three stages of development across their career. Among others, one of the suggested markers
indicating progression from one stage to the next included a change in motivation for
participation, so we sought to investigate this concept in more detail. Information obtained
within this sub-section can be used for both within- and between-subject analyses of
involvement in main sport. Responses were collected in chart format, with the chart adapted
from similar investigations conducted by Baker and colleagues (2003b; 2005).
7.2 Detailed history of involvement in main sport. This sub-section aimed to gain a
more detailed understanding of the types of practice associated with expert performance. The
10-year rule (Simon & Chase, 1973) and the theory of deliberate practice (Ericsson et al., 1993)
have been supported in a number of different sports; however, the specific types of activities
that constitute deliberate practice have been debated (Helsen et al., 1998; Hodge & Deakin,
1998; Hodges & Starkes, 1996; Starkes et al., 1996; Ward et al., 2007). Identification of the
patterns of participation in different types of practice activities expert athletes typically engage
in may provide more precise recommendations for coaches and athletes regarding how best to
structure practice in order to optimise development.
Items within this sub-section were loosely based upon questions commonly asked
within studies of deliberate practice in sports (Côté et al., 2005; Ericsson et al., 1993; Helsen et
al., 1998; Hodge & Deakin, 1998; Hodges & Starkes, 1996; Starkes et al., 1996; Ward et al.,
2007), but were expanded to incorporate a wide range of practice types and practice conditions.
For each year of their involvement in their main sport, athletes were required to identify the
average number of sessions per week, hours per week, and months per year they participated in
supervised group practice, supervised individual practice, unsupervised individual practice,
unsupervised play related to their main sport, passive activities related to their main sport (for
example watching matches live or on television, reading books about their sport, or having
conversations about their sport with team mates or coaches), and/or organised competition.
Following this, athletes recalled the average number of hours per week and months per
year they participated in a range of specific practice activities including technique/skills
training, tactical/games-based training, physical conditioning/weights, mental/psychological
skills training, recovery techniques, video analysis/review, study related to their main sport,
and/or watching their main sport live or on television. Details regarding the nature and type of
practice athletes participated in can be compared across sports, countries, sexes, skill levels, and
stages of development, in order to identify trends relating to the characteristics of practice that
appear to be associated with the development of sport expertise. Responses in this section were
collected via a series of charts.
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7.3 Detailed competition history for main sport. This sub-section aimed to examine
athletes‘ patterns of participation in competition to explore associations between competition
involvement and expert sport performance. It has been suggested that an overemphasis on
competition during the early stages of learning is detrimental for athlete development and that
the system of competition can ―m
ake or break an athlete‖ (Balyi, Cardinal, Higgs, Norris, &
Way, 2005, p. 32). In addition, the Canadian Sport for Life Long-Term Athlete Development
framework provides clear recommendations regarding the optimal training to competition ratios
that should be adopted throughout various stages of development (Balyi et al., 2005). However,
the validity of these recommendations has not been investigated, and competition involvement
has only been considered within a small number of studies investigating sport expertise
development (Baker et al., 2003a; Ford et al., 2007). This is surprising given that both coaches
and athletes frequently report competition as a critical factor influencing development (Baker et
al., 2003a; Ford et al., 2009; Singer & Janelle, 1999; Ward et al., 2007).
In section 7.3, for each year of involvement in their main sport, athletes were asked to
identify all levels of competition they participated at (for example, school, club, state, national,
or international), and for each level of competition, the age group classifications they competed
in (for example, under 14 years, 14/15 years, or open age group). Further, for each age group
classification and level of competition, athletes recalled the average frequency of competitions,
and described their average success (for example, mostly among the top three competitors,
mostly among the middle of the pack, or won matches more often than lost matches).
Time spent in competition was included within sub-section 7.2; thus this sub-section
provided insight into the frequency of participation in competition, progression through the
various levels of competition, and the occurrence of ‗competing up‘ an age group against older
athletes. Playing with and/or against older competitors is often expressed anecdotally by athletes
as a critical factor for the development of sport expertise (Phillips et al., 2010a), and has been
proposed as one of the several interacting mechanisms contributing to the birthplace effect
(Côté et al., 2006). As for the other sub-sections relating to participation in main sport,
responses were collected in chart format.
8. Coaching History
Section eight collected information regarding all the coaches athletes‘ had ever trained
under. In retrospective accounts of their development, athletes commonly identify their coaches
as particularly influential in their career (Bloom, 1985, Durand-Bush & Salmela 2002;
Oldenziel et al., 2003). In many cases, a new coach is associated with a transition from one
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stage of development to the next (Bloom, 1985). For each coach they had ever trained under,
participants were asked to identify the role of the coach in the practice environment (e.g. head
coach, assistant coach, position coach etc.), the ages during which they trained with that coach,
and the various levels of competition participated at under the supervision of that coach.
This information can be utilised to investigate areas such as the timing of coach
transitions in relation to the developmental process, the effects of a new coach on an athlete‘s
practice schedule and practice composition, and how the number and roles of coaches change
throughout development. Examination of these factors will provide a more detailed
understanding of the influence coaches may have on the development of sport expertise.
Responses within this section were completed in chart format.
9. Support Services
This section was designed to examine athletes‘ access to and utilisation of support
services. In contemporary sport it is not uncommon for a coach to be accompanied by a team of
support staff specialising in areas such as medicine, physiotherapy, psychology, physiology, and
biomechanics. Several studies have identified the importance of these support staff in ensuring
optimal performance (Durand-Bush, & Salmela, 2002; Smith, 2003); however, the availability
and utilisation of sport science and sport medicine specialists throughout developmental has
been relatively under-examined. Section nine of the DHAQ aimed to address this issue.
Specifically, athletes were asked to identify the support staff they had access to during
each year of their involvement in their main sport, and to indicate services they utilised on a
regular basis. The information obtained can be used to investigate the roles that sport science
and sport medicine specialists play in the developmental process, and how these roles differ
across sports, countries, sexes, skill levels, and stages of development. This section involved a
chart in which a range of sport science and sport medicine services were listed, and athletes
simply put a tick or a cross in the box to indicate their access to and utilisation of each service,
across each year of their involvement in their main sport.
10. Injury, Illness, and Time Off
The final section of the DHAQ required athletes to identify times during which they
were prevented from participating in their main sport as a direct result of injury or illness, as
well as any other times during which they spent a significant period of time away from their
main sport for some other reason. In earlier sections of the DHAQ, athletes indicate the
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‗average‘ number of sessions per week, hours per week, and/or months per year they
participated in various activities related to their main sport. These estimates are provided as an
average over an entire year. To ensure accurate calculation of hours spent in practice and
competition over a career span, it is important to factor in any periods during which
participation did not conform to the ‗average‘. As such, this section of the DHAQ was designed
to identify any significant periods of time away from the athlete‘s main sport due to injury,
illness, or some other reason, and to investigate how these periods may have affected their
involvement and achievement in sport. Periods of non-involvement and reduced participation
can then be factored into calculations of total time spent in practice and competition activities.
In this final section, athletes were required to indicate any injuries or illnesses endured,
the age at which the injury or illness occurred, the total time completely unable to participate in
sport, the total time restricted to a reduced training load, and the total number of competitions
missed. For periods of significant time away from main sport for reasons unrelated to injury or
illness, athletes were required to specify the age at which this time off occurred, the main reason
for the time away, the total time away from training, and the total time away from competition.
Information obtained in this section is important not only for the accurate calculation of
hours spent in practice and competition activities, but also to investigate the relationships
between injuries, illnesses, and significant periods away from sport, and a variety of factors
including performance, stage of development, practice scheduling, practice characteristics, and
the utilisation of support staff. These relationships can then be compared between sports,
countries, sexes, and skill levels. As for many other sections of the DHAQ, the information in
section ten was collected via completion of a series of charts.
The DHAQ is an extensive measurement tool covering many different aspects of the
development of sport expertise. There are, however, additional factors that have been shown to
influence development that have not been included (for example motivation, personality, and
other psychological factors; and the provision of financial, social, and tangible resources). This
questionnaire focuses primarily on the patterns of sport participation and the characteristics of
practice that are associated with expert sports performance, along with several additional
environmental and contextual factors. Collection of this information has the potential to provide
considerable insight into these specific influences on the development of sport expertise, and
would provide a valuable contribution to this field of research. However, it is essential that the
questionnaire elicits valid, reliable responses in order to make accurate conclusions regarding
athlete development. Therefore, the DHAQ must be subjected to rigorous validity and reliability
assessments before utilisation within large scale examinations of long-term athlete development.
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Study Phase Two: Establishing Validity and Reliability of the
Developmental History of Athletes Questionnaire
This chapter provides details of the investigation designed to assess the validity and reliability
of the DHAQ. Procedures, including the development of a rigorous methodology and taxonomy
for classifying validity and reliability of retrospective recall are outlined, results are discussed,
and recommendations to improve the DHAQ are suggested.
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Methodology

Participants
Participants included 15 Australian athletes, all of whom had competed in their sport at
the national level or above. Four males and four females were recruited from the Victorian
Institute of Sport men‘s and women‘s field hockey teams, and three males and three females
were recruited from the Australian Institute of Sport swimming team. One additional male
swimmer was recruited as a former member of the New South Wales Institute of Sport
swimming team. At commencement of testing, the athletes had a mean age of 21.4 years (SD =
2.6 years), with an average of 13.8 years of experience in supervised activity for their main
sport (SD = 3.3 years). Individual participant information is detailed in Table 1.
Male and female athletes from two sports were sought to ensure the DHAQ was
validated for both team and individual sports, as well as for both sexes; however, sample size
was restricted to 15 athletes from a single country due to the labour intensive nature of the
procedures, and the necessity for direct researcher-participant contact throughout the course of
the study. Although small numbers of homogenous participants was highlighted earlier as a
major limitation of previous research, the current study aimed to validate the DHAQ rather than
test hypotheses concerning the development of sport expertise. As such, a large sample size is
not as pertinent in this study as it will be in future investigations that utilise the DHAQ to
explore factors associated with sport expertise development. While a large sample size is always
preferable, the detailed methodology of the current study placed a practical restriction on the
number of participants that could be effectively managed to achieve the stated objectives.
Notably, previous investigations related to sport expertise development have conducted validity
and/or reliability analyses with as few as four participants (Soberlak & Côté, 2003) so although
small, a sample size of 15 was greater than many similar assessments conducted in the past.
Ethical approval was obtained from Institutional Ethics Committees prior to the
commencement of research (see Appendix B), and informed consent was received from all
participants (see Appendix C).
Research Design
This phase of the investigation involved a repeated measures design to assess validity
and reliability of the DHAQ. Both retest and alternative-form methods of repeated measures
were adopted (Carmines & Zeller, 1979). Since the DHAQ is a retrospective questionnaire
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requiring participants to think back and recall specific details related to the history of their
involvement in sport and physical activity, establishing reliability of recall for events that
occurred in the past is imperative before administering the DHAQ for investigational purposes.
Additionally, establishing validity of the DHAQ is critical to ensure the instrument elicits high
quality, trustworthy data. A repeated measures approach allows for examination of response
consistency across multiple test occasions and criterion, hence is appropriate for establishing
both validity and reliability of the measurement tool (Carmines & Zeller, 1979).
Measures
All items within all sections of the DHAQ, as described in study phase 2 were subjected
to validity and reliability analyses. Concurrent validity was assessed via comparison of
responses obtained from the DHAQ to those obtained from a similar, previously validated
measurement tool; and convergent validity was assessed via comparison of responses obtained
from the DHAQ to those obtained from a similar measurement tool administered to athletes‘
parents and coaches. Test-retest reliability was assessed via administration of the DHAQ to
athletes on a second occasion; and internal consistency was assessed wherever possible via
comparison of responses obtained from similar items within the DHAQ.
Procedures
Assessment of validity and reliability of the DHAQ involved quantitative and
qualitative techniques. In addition to completing the DHAQ (as described in study phase one),
qualitative semi-structured interviews were conducted with all participants. The interview guide
was based on the procedure outlined by Côté et al. (2005), which has been previously validated,
and utilised in a number of investigations of sport expertise development (Baker et al. 2003a;
Baker et al., 2003b; Baker et al., 2005; Berry et al., 2008; Law et al., 2007; Soberlak & Côté,
2003). Therefore, comparison of responses from the DHAQ to those elicited by this established
interview procedure allows for examination of concurrent validity of the questionnaire.
A number of minor changes were required to adapt the Côté and colleagues (2005)
interview guide to the needs of the current investigation. First, items that failed to produce
strong scores for validity or reliability during the 2005 investigation were removed. Second, the
original interview guide did not address all areas encompassed within the DHAQ, so several
additional items were incorporated to ensure that all quantitative responses from the DHAQ
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could be compared to a qualitative response from the interview. The full athlete interview guide
is provided in Appendix D.
Participants completed the DHAQ and the semi-structured interview in a quasirandomised order such that two males and two females from each sport completed the interview
followed by the questionnaire, while the remaining athletes completed the questionnaire before
the interview. The questionnaire and interview procedures were completed on two separate
occasions, with a minimum of one day between tasks (M = 5.20 days, SD = 6.44 days). Fourteen
athlete questionnaires and twelve athlete interviews were completed in a private room at the
athlete‘s training venue. Due to participant availability and logistical issues, one athlete
questionnaire was completed unsupervised at the athlete‘s home, and three athlete interviews
were conducted via telephone.
The DHAQ was presented as a booklet, and participants provided written responses in
the form of short answers, check boxes, and charts. Participants who completed the DHAQ in a
private room at their training venue did so under the supervision of the lead researcher,
however, no additional instructions other than those documented within the written
questionnaire were provided. Once validated, it is intended that the DHAQ will be suitable for
administration to large numbers of athletes, in a range of environments. Consequently, on
occasion the questionnaire will be required to be completed without the direct supervision of a
researcher. It is therefore important to assess the validity and reliability of the DHAQ under
similar conditions to which it will eventually be administered. Although in this case a researcher
was present in the room during the completion of the DHAQ, they did not provide assistance to
participants. The role of the researcher was to monitor the time taken to complete the
questionnaire, and to note any questions that may arise as an indication of where instructional
sets or response charts may need to be altered in order to improve clarity. Several participants
did seek assistance while completing the questionnaire; however, on these occasions the
researcher simply informed the athlete to interpret or provide information as they felt
appropriate. Questions were recorded in the researcher‘s field notes for consideration during
data analysis and revision of the DHAQ. The participant who completed the DHAQ
unsupervised was encouraged to contact the lead researcher if they had any questions relating to
the questionnaire; however, additional assistance was not requested. On average, the total time
required to complete the DHAQ was approximately 1 hour and 10 minutes (SD = 18 mins).
Athlete interviews were conducted one-on-one with the lead investigator, using the
semi-structured interview guide described above. The interview consisted of a series of main
questions that encouraged detailed, open-ended responses. As in previous studies (e.g., Côté,
1999; Côté et al., 2005), these main questions were supported by probe and follow-up questions.
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Probe questions were used to encourage participants to provide more detailed information on a
particular topic or theme, and to clarify information that had been given. Follow up questions
were used to pursue topics and themes that emerged from participants‘ responses throughout the
interview process. Leading questions directing the participants‘ thoughts towards a particular
response were avoided at all times, and in some cases, charts were used to assist in the data
collection procedure. On average, the total time required to complete the athlete interview was 1
hour and 15 minutes (SD = 20mins). With written informed consent from all participants,
interviews were recorded using a digital voice recorder, and were subsequently transcribed
verbatim. Following transcription, the information was used to complete an additional copy of
the DHAQ so responses from both the questionnaire and interview could be directly compared.
This comparison allowed for assessment of concurrent validity of the DHAQ with a previously
validated data collection procedure (i.e. Côté et al., 2005).
A second procedure commonly used to assess validity of measurement tools designed
for the collection of athlete developmental histories is to interview not only athletes, but also
others who are significantly involved in the athlete‘s sporting career; namely, parents and
coaches (Baker et al., 2003a; Baker et al., 2003b; Berry et al., 2008; Côté, 1999; Côté et al.,
2005; Durand-Bush & Salmela, 2002; Law et al., 2007; Oldenziel et al., 2003; Soberlak &
Côté, 2003). Collecting information from parents and coaches allows for triangulation of the
data to assess convergent validity of responses. As such, all athletes were asked to provide
contact details for the parent most significantly involved in their sporting commitments, their
current coach, and one former coach of their choice. Parents and coaches for whom details were
provided were contacted and invited to become involved in the research, resulting in 13 parents
and 22 coaches agreeing to participate in a telephone interview (refer to Table 1 for details of
parent and coach involvement for each participant).
The guide for the parent and coach interviews was the same as that used for the athlete
interviews; however, items that were not applicable to the interviewee were removed. For
example, sections of the interview relating to the athlete‘s family and residential history, as well
as their involvement in other organised sports and informal, playful sporting games were
removed from the coach interview guide as it was unlikely that the coach would be familiar with
this information (see Appendices E and F for full parent and coach interview guides). Parent
interviews lasted approximately 1 hour and 5 minutes (SD = 26 mins), while coach interviews
lasted approximately 40 minutes (SD = 12 mins). Coach interviews were considerably shorter
than parent interviews because only the time period during which the athlete trained under each
respective coach was addressed, compared to the athletes‘ entire career span for parent
interviews.
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As with athletes, following provision of written informed consent, parent and coach
interviews were recorded using a digital voice recorder and were subsequently transcribed
verbatim. Following transcription, all participating parents and coaches received a copy of the
script, and were instructed to read the document carefully to verify the accuracy of information
they provided. Upon approval of interview transcripts from parents and coaches, responses were
again used to complete additional versions of the DHAQ in order to allow accurate comparison
of data between measures. Interview transcript verification was not incorporated into the athlete
interview procedures as a test-retest protocol was adopted for the questionnaire, and the
verification process would have interrupted this protocol.
The test-retest protocol was adopted to assess test-retest reliability of the DHAQ.
Approximately three to four months following the initial test occasion, all athletes were invited
to complete the DHAQ a second time. This procedure allowed for assessment of consistency of
responses when participants were asked the same questions, in the same format, on separate
occasions following a significant delay. Participants received the second questionnaire by post,
and were instructed to complete and return it in their own time. As mentioned previously, it is a
realistic possibility that future studies utilising the DHAQ will require participants to complete
the questionnaire unsupervised. As such, the second completion of the DHAQ was intentionally
unsupervised to examine the quality and trustworthiness of data collected without the assistance
of a researcher. Of the 15 questionnaires posted for the test-retest protocol, 11 were completed
and returned. Participant details relating to the return of retest questionnaires are provided in
Table 1. A minimum three month period between test-retest occasions was adopted to ensure
minimal remembering of responses from the initial questionnaire and interview procedures.
One final procedure was adopted to assess internal consistency of the DHAQ. The
questionnaire included several redundant items whereby the same information was collected
using two or more slightly different questions. For example, an initial question required athletes
to estimate the total number of hours per week they were involved in all types of practice
activities for each year of participation in their main sport, and a subsequent question required
athletes to identify the total number of hours per week involved in various types of practice
activities during each year of their participation. The practice hours in each type of activity can
be summed and compared to the estimate provided for total practice hours. Similarity of
responses between redundant items indicates high internal consistency, representing high
quality, trustworthy data. Assessment of response similarity between redundant items is a
technique that has been utilised for establishing reliability of recall in a number of studies
related to sport expertise development (Baker, et al., 2003a; Baker et al., 2003b; Baker et al.
2005; Hodges et al., 2004; Moesch et al., 2011; Oldenziel et al., 2003).
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The procedures for this phase of the study allow for rigorous examination of the
robustness of the DHAQ via assessment of concurrent validity, convergent validity, test-retest
reliability, and internal consistency. Such intensive evaluation of a measurement tool for the
collection of athlete developmental histories is quite unique within this field of research, and
will provide valuable insight into the trustworthiness of retrospectively recalled athlete history
information.
Statistical Analysis
Validity and reliability of each item within the DHAQ were established via a series of
comparative analyses between responses from the initial completion of the DHAQ to those
provided during the athlete, parent, and coach interviews, and the second completion of the
questionnaire. Concurrent validity was assessed through comparison of responses from the first
completion of the DHAQ with those from the athlete interview. Convergent validity was
assessed through comparison of responses from the first completion of the DHAQ with those
from each of the parent and coach interviews. Test-rest reliability was considered through
comparison of responses from the first completion of the DHAQ with the second. In addition,
internal consistency was assessed for the initial completion of the DHAQ through the
comparison of responses provided to redundant items within the questionnaire. All statistical
analyses were conducted using the SPSS statistical computer software package, Version 17.
The statistical analyses performed were consistent across all assessments of validity and
reliability. This approach was adopted in order to allow for uniform interpretation and
subsequent classification of questionnaire items. Percent agreement values (PA) and intraclass
correlation coefficients (ICC) were calculated for all items within each of the comparative pairs
outlined above. An exception occurs for items involving categorical responses, in which case,
only PA was considered. These two methods of analysis were adopted in order to obtain
indications of both absolute agreement and relative consistency between test occasions
(Atkinson & Nevill, 1998).
Previous investigations of the development of sport expertise have typically assessed
consistency of recall using Pearson product moment correlation analyses (Baker et al., 2003a;
Baker et al., 2003b; Baker et al., 2005; Berry et al., 2008; Côté et al., 2005; Helsen et al., 1998;
Hodges & Starkes, 1996; Memmert et al., 2010; Oldenziel et al., 2003; Ward et al., 2007). This
approach was not utilised in the current study as the Pearson correlation was considered to be
inappropriate because they are a bivariate statistic, intended for assessing the strength of the
association between two different variables, for example, height and weight (Haggard, 1958).
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Intraclass correlations however, are classified as a univariate statistic, and are more appropriate
for assessing the strength of the relationship between multiple measurements of the same
variable (Haggard, 1958). The ICC is considered a more suitable indicator of the relationship
between multiple measurements of the same variable because both within-subject variance and
total variance across all measures for all subjects are considered in its calculation (Haggard,
1958; Bartko, 1976). Intraclass correlations are also preferred over Pearson correlations when
sample sizes are small (Garson, 2012), as in this investigation.
ICCs were calculated according to the two-way random effects model, with absolute
agreement (Shrout & Fleiss, 1979). The two-way random effects ICC is most suitable for data
sets in which the responses are provided by participants who are considered to be randomly
selected from a larger sample, and for which the results are to be generalised to respondents
other than those involved in the current investigation (Bartko, 1976; Bartko, 1966; Garson,
2012; Shrout & Fleiss, 1979; Krebs, 1986; Müller & Büttner, 1994). Additionally, the absolute
agreement ICC is most suitable for data sets in which the similarity of responses across multiple
measurements is of interest, and not just the relationship between the responses (Garson, 2012).
In all cases the single measures ICC is reported, indicating that individual pairs of responses for
each participant were incorporated in the calculation as opposed to group means (Garson, 2012;
Ebel, 1951).
ICCs will in most cases range from 0-1, with larger values indicating lower levels of
variance and a stronger relationship between responses provided across multiple test occasions
(Garson, 2012; Costa-Santos, Bernardes, Ayres-de-Campos, Costa, & Amorim-Costa, 2011). In
select cases, ICCs can be negative however in the majority of instances the interpretation of a
negative ICC is unclear (Costa-Santos et al., 2011; Haggard, 1958; Müller & Büttner, 1994).
Negative ICCs are often associated with errors in data entry or small sample sizes (Garson,
2012; Haggard, 1958). It is likely that in this study, negative correlation coefficients are
attributable to an unfavourable combination of a small sample size with a high degree of total
variance within the data set. As such, any negative ICCs were examined for data entry errors
before being interpreted as having zero correlation (Haggard, 1958).
Despite their common application, correlation analyses have a major limitation
associated with their use in studies of validity and reliability. Correlation coefficients provide
valuable information regarding the strength of the relationship between two variables; however,
they do not address the degree of similarity between them (Altman & Bland, 1983; Bland &
Altman, 1986; Costa-Santos et al., 2011; Kottner & Dassen, 2008; Müller & Büttner, 1994). It is
possible for two sets of values to be highly correlated, yet not similar in magnitude (Bland &
Altman, 1986; Burdock, Fleiss, & Hardesty, 1963). To address this limitation within the current
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study, PAs were calculated for all identified pairs of responses in addition to the ICC. The use
of a combination of statistical methods for assessing validity and reliability has previously been
recommended within the fields of nursing, medicine, and sports medicine (Atkinson and
Neville, 1998; Kottner & Dassen, 2008; Kottner et al. 2011), and was adopted by Ford and
Williams (2008) in a similar investigation of the development of sport expertise in Irish
professional soccer players.
PAs are most typically calculated when data are categorical, indicating the proportion of
responses that are identical across multiple test occasions (Bahrick, Hall, & Berger, 1996;
Ropponen, Levalahti, Simonen, Videman, & Battie, 2001). Delta scores, percent difference, or
percent error calculations are more common when assessing agreement between continuous
variables (MacDonald et al., 2009; Soberlak & Côté, 2003). Considering percent difference
values are the compliment of percent agreement, it was decided to report agreement for
continuous variables rather than difference, so that interpretation and classification of all
questionnaire items was consistent, regardless of the nature of the response. PA calculations
have also been used in several previous investigations of sport expertise development to assess
validity and reliability of retrospective recall of training history information (Baker et al., 2005;
Law et al., 2007; Memmert et al., 2010). As such, PAs for categorical variables were calculated
as the percentage of responses that were the same for both test occasions under investigation,
and PAs for continuous variables were calculated by dividing the smaller value of the pair by
the larger, and multiplying the result by 100 to indicate a percentage. PAs range from 0-100%,
with larger values indicating greater similarity between responses.
At this point it is important to highlight that data from the current year were excluded
from all analyses in order to avoid issues relating to incomplete data sets for this year. Further,
in cases where data was available for fewer than five participants (e.g., if a particular item was
not applicable to all athletes, fewer than five athletes had reached a particular age, or fewer than
five coaches were able to provide comment on a particular item, etc.), statistical analyses were
not performed. In these cases it was deemed that insufficient data was available to conduct
meaningful analyses and interpretation. Items for which insufficient data was available for
analyses are indicated throughout the text and in all relevant tables in Supplement One.
Classification of Validity and Reliability of the DHAQ
The validity and reliability of each item within the DHAQ was assessed and classified
according to criteria based upon both PA and ICC values. As the statistical methods utilised to
assess concurrent validity, convergent validity, test-retest reliability, and internal consistency
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reliability were the same, a uniform classification criteria was applied across all validity and
reliability components, for all items within the DHAQ. Classification involved several steps.
Step one involved the classification of PA. Items were classified as displaying very
good, good, moderate, or poor agreement according to the criteria outlined in Table 2. In a study
of sport expertise development in triathletes, Baker and colleagues (2005) reported PA values of
70% as ‗reasonable agreement‘ and values above 80% as ‗high agreement‘ for retrospective
recall of hours involved in sport specific training activities. Similarly, a 20% change score for
retrospective recall of hours involved in physical activity in a sample of master athletes was
considered acceptable in an investigation of the reliability of a semi-structured interview
procedure relating to predictors of physical activity in older adults, while percent agreements of
63% and 72% for recall of several categorical variables relating to physical activity where
deemed to be ‗less reliable‘ (MacDonald et al., 2009). In the absence of established criteria for
acceptable levels of PA, and given the relatively limited use of PA statistics in studies of sport
expertise development, these examples were used as a basis for the classification criteria
adopted in the current study.
Step two involved the classification of the ICC. Two factors were considered in this
process: a) the strength of the correlation (i.e. the value of the correlation coefficient); and b) the
significance of the correlation (i.e. the p value associated with the correlation coefficient). ICCs
were considered very strong if the value of the coefficient was equal to or exceeded .80, strong
if the coefficient ranged from .65 to .79, reasonable if the coefficient ranged from .50 to .64, and
weak if the value of the coefficient was .49 or below. Interpretation of the magnitude of ICCs is
inconsistent, with no apparent guidelines for the coefficients as they relate to analytical research
goals Atkinson and Neville (1998), and Kottner and Dassen (2008) suggested that the
comparison of ICCs between studies is limited because the value of the coefficient is influenced
by differences in the characteristics of the study participants, and because there are multiple
models available for the calculation of the coefficient. Additionally, Costa-Santos et al., (2011)
observed that a sample of medical clinicians and biostatisticians were inconsistent in their
interpretations of ICCs despite being presented with the same set of results.
A wide range of ICCs have been reported as ‗high‘ or ‗good‘ within reliability
investigations across a variety of fields. In the medical investigation described above,
correlation coefficients as low as .65 were rated as ‗good‘ (Costa-Santos et al., 2011), while
values of .90 have been recommended as the cut-off criteria for ‗high‘ correlations in tests of
physiological capacities (Lemmink, Elferink-Gemser, & Visscher, 2004). In investigations of
reliability of retrospective recall for recreational and occupational physical activity, values
above .65 tend to be considered ‗high‘ (Ropponen et al., 2001), while values of .35 to .55 have
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been considered ‗moderate‘ (Ainsworth, Richardson, Jacobs Jr., Leon, & Sternfeld, 1999; Reis,
Dubose, Ainsworth, Macera, & Yore, 2005). The classification criteria established for the
strength of the ICCs obtained in this study were based upon the studies of physical activity
recall described above, and a suggestion that ICCs can be interpreted according to the well
established criteria for the interpretation of the kappa statistic (Garson, 2012).
In a similar fashion, ICCs were considered highly significant if the p value was less than
or equal to .01, significant if the p value ranged between .02 and .05, approaching significance if
the p value was in the range of .06 to .10, and non-significant if the p value exceeded .10. The p
value indicates the chance that the null hypothesis is rejected when it is actually true
(Tabachnick & Fidell, 2007), or in other words, the chance that a significant finding is reported
when in fact it is not significant. In scientific research, a p value of .05 is generally accepted as a
suitable criterion for determining statistical significance, as this indicates there is a 5% chance
of incorrectly reporting a significant result (Tabachnick & Fidell, 2007). Values less than .01 are
also commonly acknowledged, as these findings indicate the chance the null hypothesis has
been incorrectly rejected is less than 1% (Hopkins, 2000a). The criteria adopted in this study for
classification of the ICC as significant or highly significant, were based upon these conventions.
In many cases p values above .05 are considered non-significant, however, the
significance of a correlation coefficient is highly dependent upon the number of participants
involved in the investigation (Haggard, 1958; Hopkins, 2000b; Morrow Jr. & Jackson, 1993).
Due to the small sample size involved in this study, p values ranging between .06 and .10 were
classified as approaching significance in order to allow a small buffer before removing an item
from the DHAQ on the basis of displaying a non significant ICC. ICCs for which the p value
exceeded .10 were classified as non-significant, as questionnaire items with probabilities of
incorrectly rejecting the null hypothesis greater than 10% were deemed to be too uncertain to be
considered for further investigation.
Following classification of the strength and the significance of the ICC for each item
within the DHAQ, correlations were given an overall rating of very good, good, moderate, or
poor, according to the criteria outlined in Table 2. Once again, as the significance of a
correlation coefficient is highly dependent upon sample size (Haggard, 1958; Hopkins, 2000b;
Morrow Jr. & Jackson, 1993), the strength of the correlation was weighted more heavily than its
significance in the classification of the ICC overall. As such, any items with a very strong,
strong, or reasonable ICC were respectively classified as having a very good, good, or moderate
correlation overall, providing the coefficient was either highly significant, significant, or
approaching significance. All items displaying a non-significant ICC were classified as poor
overall regardless of the strength of the correlation. Similarly, all items rated as having a weak
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correlation coefficient were also classified as poor overall regardless of the associated
significance, because the relationship between the values was considered too inconsistent to
warrant further investigation.
The final step for assessment of the concurrent validity, convergent validity, test-retest
reliability, and internal consistency reliability for each item within the DHAQ involved
combining the ratings obtained for agreement and correlation to provide an overall
classification. All items were classified as having very good, good, moderate, or poor
concurrent validity/convergent validity/test-retest reliability/internal consistency reliability,
according to the criteria outlined in Table 2. PAs were weighted more heavily than ICCs in the
overall classification of each item because absolute agreement is considered to be of greater
importance than relative consistency (Atkinson & Neville 1998; Bland & Altman, 1986; Müller
& Büttner, 1994). It is argued that if responses provided across multiple test occasions are
similar in magnitude, the systematic relationship between the test occasions matters less. For
this reason, items noted as displaying very good or good agreement were classified as very good
or good overall, regardless of the rating of the correlation coefficient for that item.
The ICC becomes of greater interest when PA values are lower. An item displaying
moderate agreement but very good or good correlation is indicative that responses provided
during one test occasion tend to be systematically lower or systematically higher than those
reported during the other test occasion. These items are important to note because despite
displaying lower absolute agreement, the systematic relationship for the recall of information
relating to these items allows for continued analyses and interpretation of the results, providing
this relationship is acknowledged and applied to the data (Bland & Altman, 1986). For example,
an investigation involving a sample of wrestlers observed consistent over-estimation of training
hours during completion of a retrospective practice history questionnaire compared to actual
reports of practice time recorded in training diaries (Hodges & Starkes, 1996). If, for instance, a
similar relationship is found between quantitative questionnaires and qualitative interviews, this
can be taken into consideration when interpreting results and comparing data collected via
questionnaires to data collected via interviews. Therefore, any items that displayed a moderate
agreement and either a very good or good correlation were classified as moderate overall.
However, items that displayed a moderate agreement but only a moderate or weak correlation,
were not believed to have a strong enough relationship to be considered for inclusion in the
questionnaire, and thus were rated as weak overall. Similarly, any items classified as having a
poor PA were also rated as poor overall regardless of the rating of the associated ICC. It was
decided in this case, that responses differing by more than 50% were too inconsistent to be
considered for any further analyses.
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As mentioned previously, for items in which responses were categorical, ICCs could not
be calculated. As such, these items were classified according to PA only, using the same criteria
outlined in the discussion of agreement values above and in Table 2. Classification of
concurrent validity, convergent validity, test-retest reliability, and internal consistency reliability
for each item within the DHAQ allows for recommendations regarding the suitability of each
item for retention in the questionnaire and utilisation in future investigations.
Results and Discussion

Sporting Career and Milestones
PA values, ICCs, and validity and reliability classification information for items within
the sporting career and milestones section of the DHAQ are presented in Table 3. Note that not
all items were applicable to each participant (for example, age when first recognised as the best
athlete at the international level) so in some cases insufficient data were available to conduct
meaningful validity and reliability analyses. Milestones for which validity and reliability
statistics could not be calculated due to insufficient responses are highlighted within the table.
Additionally, convergent validity with coaches could not be established for several items
because milestones relating to the early stages of athletes‘ careers and events occurring outside
the practice and competition environment were beyond the extent of coaches‘ knowledge. These
milestones are also highlighted in Table 3.
In general, validity and reliability for this section of the DHAQ was strong, with most
items receiving very good or good classifications for concurrent validity, convergent validity
with parents, convergent validity with coaches, and test-retest reliability. Three items received
moderate or poor classifications for one or more validity/reliability conditions including age at
first regular participation in sport-specific informal play, age at first participation in regional
level competition, and the number of career transitions experienced to date. All items receiving
very good or good ratings of validity and reliability across all applicable comparisons are
recommended for retention in the DHAQ. The three items receiving moderate or poor ratings
for one or more validity and/or reliability conditions warrant further discussion regarding their
inclusion or removal from the questionnaire.
Age at first regular participation in sport-specific informal play received very good
classifications for both concurrent validity and test-retest reliability, but convergent validity
with parents was moderate (convergent validity with coaches was unavailable). It is possible
that convergent validity with parents was lower for this item because athletes will often engage
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in this type of activity during their leisure time. Although parents may be aware their child is
participating in some form of physical activity during this time, it is unlikely they will attend to
the specific activities the child is engaging in. In some cases, the parent may not even be present
during the time the athlete is participating in play, for example during school hours, or when at
friends‘ houses. As such, recall of athlete participation in unsupervised, informal play activities
may be more difficult for parents. Given the high level of consistency in athlete responses for
this item, it is recommended that age at first participation in sport-specific informal play be
retained in the DHAQ despite the moderate rating for convergent validity with parents.
Age at first participation in regional level competition received classifications of poor
for concurrent validity, moderate for convergent validity with parents, very good for convergent
validity with coaches, and very good for test-retest reliability. All other items relating to
participation in regional level competition received very good classifications across all validity
and reliability conditions. Despite a number of very good ratings, researcher observations during
athlete interviews indicated that regional level competition was not a regular fixture for either of
the sports examined, nor was it considered a compulsory stepping-stone required for
qualification to participate at the state level. Therefore, participation in regional level
competition did not appear to be a significant milestone for these athletes, explaining the lower
ratings of concurrent validity and convergent validity with parents for the item concerning age
at first participation. Given the irregular nature and low importance of participation in regional
level competition, it is recommended that all items relating to this level competition be removed
from the DHAQ.
Also assessed for consistency of recall within this section of the DHAQ was number of
career transitions experienced to date. This value was deduced from an open-ended question
requiring athletes to identify particular times they noticed a change in their participation or
success in their main sport, marking a transition from one stage of their career to another.
Although the number of career transitions reported was classified as having good concurrent
validity and test-retest reliability, qualitative examination of responses indicated that specific
details pertaining to the transitions, for example age at transition and catalyst for transition, were
inconsistent between test occasions. It appears that athletes were not able to consistently identify
and recall times at which they noticed a prominent change in their participation or success in
their main sport. This is interesting given the emphasis placed on stages of development in the
literature (Balyi et al., 2005; Bloom, 1985; Côté & Fraser-Thomas, 2007; Durand-Bush &
Salmela, 2002).
The results of this study suggest that although assessment of athlete developmental
history profiles may lead to the identification of clear stages in sport participation, athletes are
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largely unaware of their progression through these stages. It is also very interesting that
convergent validity with parents for both number of career transitions experienced to date, as
well as the qualitative details of each transition, was poor, suggesting that parents view their
children‘s participation and progression in sport quite differently to the athletes themselves.
Although outside the scope of this research, this finding may have important implications for
athlete psychosocial development, and the provision of resources (financial, tangible, time, and
emotional) to the athlete from the family.
Due to the inconsistency of recall associated with items relating to career transition
stages, it is recommended that these items be removed from the DHAQ. While theoretical
examination of stages of sport participation may be of considerable interest to sport researchers,
coaches, and administrators, since athletes do not seem to be overtly aware of their transition
through these stages, there is little value in explicitly questioning them on this topic.
Family Characteristics and Participation in Sport and Physical Activity
Table 4 displays validity and reliability information for items within the family
characteristics and participation in sport and physical activity section of the questionnaire. All
participants reported living with both parents in intact families, so results pertain to biological
parents and full siblings in all cases. The majority of participants (n = 10) reported having two
siblings, so validity and reliability of recall for sibling characteristics and participation in sport
and physical activity was assessed for siblings one and two only. For athletes reporting three or
more siblings (n = 3), the two oldest siblings were selected for inclusion within reliability and
validity analyses. Items pertaining to the family were not included within the coach interview
guide, so convergent validity with coaches was not assessed for this section.
As expected, date of birth and nationality were recalled consistently for all family
members with concurrent validity, convergent validity with parents, and test-retest reliability all
classified as very good. The ages during which athletes lived with each family member were
also rated very good for all validity and reliability conditions. Parental occupations were
recalled less consistently, with father‘s occupation receiving a moderate classification for
concurrent validity, and mother‘s occupation receiving moderate ratings for both concurrent
validity and convergent validity with parents. Researcher observations during athlete and parent
interviews highlighted that in many cases, participants‘ mothers held several jobs since the
athlete‘s birth. Therefore, it may have been difficult for athletes and parents to be consistent in
their recall of mother‘s occupation. Although father‘s occupations were more stable over time,
observations during athlete interviews revealed that participants could not always classify their
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father‘s occupation with certainty. In some cases, athletes indicated they were not exactly sure
what their father‘s occupation involved. The basis for inclusion of this item within the DHAQ
was to provide an indication of family socio-economic status. Given the inconsistent recall of
parent‘s occupations, it is recommended that this item be replaced with an indication of the
highest level of education each parent has completed. It is expected that recall of highest level
of education completed will be more consistent given the reduced ambiguity of the available
response options; however, validity and reliability of the revised item should be monitored.
Familial involvement in physical activity was examined first via a yes/no question:
―Duri
ng the time you lived with this family member, did they participate in regular physical
activity‖; followed by an open-response question: ―I
f yes, on average how often did they
participate in physical activity‖. The majority of siblings were reported to have regularly
participated in physical activity, resulting in very good or good classifications for this item
across all validity and reliability conditions, for both siblings examined. Validity and reliability
ratings for fathers were also very good or good, but convergent validity with parents for
mother‘s participation in regular physical activity was classified as moderate. Discrepancies
between responses in the DHAQ and parent interviews occurred when athletes indicated their
parents did not participate in regular physical activity but parents indicated they did. It is
possible that athletes and parents perceptions of what constitutes physical activity differ, or it
may be that children are unaware of the physical activity pursuits of their parents, which is
particularly likely if parents engage in physical activity during times when their children are at
school, training, or playing with their friends.
Difficulties classifying constituents of physical activity and/or lack of awareness of the
physical activity patterns of family members is reflected in relatively poor ratings of validity
and reliability for the item related to frequency of physical activity participation. Classifications
for this item were mostly moderate or poor. Given the lack of research investigating the
influence of familial participation in physical activity on the development of sport expertise, it is
recommended that these items be revised and monitored for validity and reliability in future
investigations rather than be removed.
In an attempt to improve identification of the constituents of physical activity, it is
recommended that athletes be prompted to identify the frequency of their family members‘
participation in each of three different forms of physical activity: 1) general fitness activities; 2)
recreational sport/informal sporting games; and 3) competitive sport. It is also recommended
that specific response options be provided (e.g. never, occasionally, 1-2 times per week, 3-5
times per week, more than 5 times per week) to remove response ambiguity and improve
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consistency. It is believed that lower ratings of validity and reliability for these questionnaire
items could be the result of sub-optimal item structure as opposed to poor recall per se.
The remaining items within this section of the DHAQ concerned familial involvement
in competitive sport. Athletes first identified whether each parent and sibling had participated in
competitive sport during any time in their lives. If yes, athletes then identified each sport in
which their family member(s) participated, along with the highest level of competition reached
for each sport. Consistency of recall for these items was mixed. For mothers, concurrent
validity, convergent validity with parents, and test-retest reliability were very good or good for
both identification of whether she participated in any competitive sports and the total number of
competitive sports reported. For fathers, all conditions of validity and reliability were classified
as very good or good for whether he participated in competitive sport, but concurrent validity
with parents was poor for the total number of competitive sports identified. This was because
parents tended to report a greater number of competitive sports for fathers than athletes.
Researcher notes recorded during interviews indicated that parents referred to sports athletes‘
fathers participated in during high school and/or university at the inter-school level. It is
possible that athletes‘ fathers had not discussed their minor involvement in these sports with
their children, explaining the lower convergent validity with parents for these items.
For siblings, identification of whether they participated in competitive sport received
ratings of very good or good for all validity and reliability conditions, but the number of
competitive sports reported tended to differ between test occasions, with convergent validity
with parents and test-retest reliability rated as poor for sibling two. In the majority of cases,
siblings participated in most of their sports at the school or local club level. Unfortunately, the
duration of their involvement in each of these sports was not collected. It may be that athletes‘
siblings were sampling a variety of sports at a relatively low competitive level. These sports
may not have required a significant commitment from the siblings, making their involvement
difficult to recall.
Validity and reliability of sport type and highest level of competition was assessed for
up to three sports for each family member. Recall of this information was highly inconsistent
with reliability and validity classifications ranging from very good to poor. Interestingly,
identification of sport type and associated highest level of competition were more consistent for
parents than siblings. This finding supports the suggestion that poor recall of sibling
involvement in competitive sport may be related to a high level of sport sampling. Athletes are
less likely to be aware of the sports their parents may have sampled for a short period of time,
listing only those sports in which their parents were involved for a significant duration, thereby
reducing the variability associated with responses relating to parental involvement in
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competitive sport. Once again, given the lack of research examining the role of familial
involvement in competitive sport in the development of sport expertise, it is recommended that
these questionnaire items be revised, requiring athletes to identify only those competitive sports
in which their family members have participated for a significant duration, for example three
years or more. This revision would alleviate the possibility of responses being affected by high
levels of sport sampling among family members.
Places of Residence
As seen in Table 5, validity and reliability of items pertaining to athletes‘ places of
residence were reasonably good. As for family characteristics, these items were not included
within the coach interview guide, so convergent validity with coaches was not examined for this
section of the DHAQ. On average, participants reported three to four places of residence
(DHAQ: M = 3.40, SD = 1.77; athlete interview: M = 3.80, SD = 1.86; parent interview: M =
3.77, SD = 1.83; DHAQ-retest: M = 3.91, SD = 1.70); and concurrent validity, convergent
validity with parents, and test-retest reliability for total number of residences to date were all
classified as very good. Although some participants reported up to eight places of residence,
validity and reliability were only assessed for residences one to four as the number of
participants reporting five or more residences (n = 3) was considered too small to conduct
accurate analyses.
All information relating to the first home in which participants lived was recalled with
excellent consistency. Location of residence and details of whom participants‘ lived with at this
residence were both rated as having very good concurrent validity, convergent validity with
parents, and test-retest reliability. Similarly, details of participants‘ second and third residences
were also recalled consistently, with very good or good validity and reliability ratings for all
items. Note that convergent validity with parents for items relating to residence three was
slightly lower than concurrent validity and test-retest reliability; however, convergent validity
with parents was still rated as good for all items.
Although most items for residence four were classified as having good validity and
reliability, there were a few exceptions. Test-retest reliability for reason for relocation to
residence four was classified as moderate, and identification of who participants lived with at
this residence was classified as moderate across all validity and reliability conditions.
Interestingly, athletes and parents were not consistent in their identification of the location of
this residence, indicated by a poor rating for convergent validity with parents for this item.
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For most athletes, residences one and two tended to be of longer duration than
residences three and four. It is likely that details corresponding to residences of longer duration
will be more memorable, hence recalled with greater consistency. This could explain the
slightly lower validity and reliability scores for residences three and four compared to
residences one and two. In addition, the majority of athletes reported moving out of the family
home prior to their participation in this study. Understandably, when athletes moved to a
residence away from their parents, convergent validity with parents declined. Even though
convergent validity with parents was moderate or poor for several items relating to residence
four, it is expected that athletes‘ responses will be more accurate than parents‘ responses when
residing apart. Therefore, concurrent validity and test-retest reliability are considered more
important indicators of trustworthiness than convergent validity with parents for these
residences.
Reductions in validity and reliability scores with each successive residence were
greatest for reason for relocation and whom participants lived with at each residence. Reason for
relocation to each new place of residence was asked primarily to identify relocations related to
sport training and competition. While test-retest reliability for reason for relocation to residence
four was only moderate, it is important to highlight that concurrent validity, convergent validity
with parents, and test-retest reliability were all very good for both age at first relocation for
reasons related to sport and total number of relocations for reasons related to sport. Furthermore,
internal consistency between age at first relocation for reasons related to sport as identified
within this section of the DHAQ, and age at first relocation for reasons related to sport as
identified within the sporting career and milestones section was perfect, with all athletes
providing the same response on both occasions. As relocations for reasons related to sport are of
primary interest, the lower test-retest reliability for reason for relocation to residence four is not
considered to be an issue.
Regarding the moderate validity and reliability scores for whom participants lived with
at residence four, qualitative examination of responses revealed that terms such as ‗friends‘,
‗team-mates‘,

‗university

students‘,

‗housemates‘,

and

‗other

athletes‘

were

used

interchangeably, creating ambiguity in responses. At previous residences, responses typically
included ‗family‘, ‗athlete residence‘, or ‗student residence‘, resulting in greater consistency
between these more clearly defined groups of people. Given the potential for ambiguous,
overlapping, and/or poorly defined responses to the question ―whodid you live with at this
residence‖, it is recommended that this item be removed from the DHAQ.
Considering the strong validity and reliability scores for the other items within this
section, it is recommended that all other items be retained. However, a minor modification is
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suggested. It was highlighted previously that residences of short duration were recalled with less
consistency than residences of long duration. For the majority of instances during which the
period of residence was brief, the relocation was to a new home within the same local area.
Additionally, no participants cited sport as a reason for relocation to a new residence within the
same local area as the previous residence. Therefore, to reduce issues concerning validity and
reliability of information pertaining to residences of short duration, it is recommended the
DHAQ be modified to collect information regarding only the different towns/cities in which
participants have resided rather than each of the individual homes in which they have lived.
Organised Sport Practice History
On average, athletes reported participating in three to four organised sports in addition
to their main sport (DHAQ: M = 3.67, SD = 1.76; athlete interview: M = 4.00, SD = 2.56;
DHAQ-retest: M = 2.64, SD = 1.63); parents also reported that athletes participated in
approximately four additional sports (M = 4.00, SD = 1.58). Note that coaches were not
required to comment on athletes‘ involvement in other organised sports so convergent validity
with coaches was not assessed for this section. PA values, ICC statistics, and validity and
reliability classification information for all items with the organised sport practice history
section of the DHAQ are provided in Table 6.
When completing the DHAQ, athletes identified all organised sports other than their
main sport in which they had participated, as well as specific details of their involvement in
each sport, for each year of their participation. These details included the total number of
months per year they participated in each sport, the average number of hours per week they
engaged in all practice and competition activities, and the highest level of competition they
reached. During athlete and parent interviews, only a list of all organised sports and
accompanying ages of participation were collected; specific details of athletes‘ involvement in
each sport for each year of their participation were not obtained. Therefore, concurrent validity
and convergent validity with parents could not be assessed for items relating to hours of
participation in organised sports, or highest level of competition reached. As such, analysis of
this information was restricted to examination of test-retest reliability.
Validity and reliability for total number of other sports reported, total hours of
participation in all other organised sports combined, and highest level of competition for
organised sports other than main sport were all classified as very good or good. However, these
results were not as positive as they may first appear. Inspection of the sports identified during
each test occasion revealed that even though participants consistently reported participating in
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the same number of sports, the sports listed differed between test occasions. Only nine of the
fifteen athletes provided the same list of sports during the interview as the initial completion of
the DHAQ, and only three of the eleven athletes who completed the DHAQ for a second time
provided the same list of sports as they did the first time. Most significantly, of the thirteen
parents interviewed, none of the lists of sports provided by parents matched that provided by the
athlete during the initial completion of the DHAQ. This is a significant finding as number of
other organised sports, and total cumulative hours of participation in all other organised sports
combined are frequently used as indicators of validity and reliability in studies of sport expertise
development (Baker et al., 2003b; Berry et al., 2008; Memmert et al., 2010; Oldenziel et al.,
2003; Soberlak & Côté, 2003). Our results suggest that these measures may be slightly
misleading if congruence between sports reported is poor or not established.
Despite the inconsistencies in sports reported by participants, sufficient data were
available to assess validity and reliability of information provided on a sport-by-sport basis for
three organised sports. Recall of participation in ‗other organised sport one‘ (the sport in which
the athlete had invested the most considerable amount of time) was reasonably strong, with
responses for age started, age stopped, and highest level of competition receiving very good or
good ratings for concurrent validity, convergent validity with parents, and/or test-retest
reliability. Test-retest reliability for total hours of participation in ‗other organised sport one‘,
however, was only classified as moderate.
With each successive sport, ranked in order of time invested into the activity, validity
and reliability appeared to weaken. For ‗other organised sport two‘, concurrent validity and testretest reliability were good for age started and age stopped, but convergent validity with parents
for these items was poor. The same trend was true of ‗other organised sport three‘. As with
‗other organised sport one‘, test-retest reliability for total hours of participation was moderate
for both ‗other organised sport two‘ and ‗other organised sport three‘; and although test-retest
reliability for highest level of competition reached was good for ‗other organised sport two‘, it
was poor for ‗other organised sport three‘.
While not provided as a direct response from participants, age at specialisation was also
calculated for each test occasion and assessed for consistency. Age at specialisation was
considered to be the age at which the athlete no longer participated in any organised sports other
than their main sport. Across all three measures of validity and reliability, age at specialisation
was classified as very good.
These results highlight two major issues with recall of information relating to
participation in organised sports other than athletes‘ main sport. First, when athletes participate
in a variety of sports, it may be difficult to recall specific details of their involvement in each
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sport. These difficulties are most apparent for recall of time spent in practice and competition
activities, and more generally, for sports in which periods of involvement were brief.
Secondly, convergent validity with parents was poor. As mentioned previously, parents
frequently identified different sports to the athletes, and even when the same sport was
identified by both athletes and parents, convergent validity for the ages at which the athlete
participated in these sports was poor. In this situation it is difficult to discern whether the
athlete‘s account or their parent‘s account is more accurate. In defence of the athlete, it is likely
easier to recall details of your own extra-curricular involvement than it is to recall the
participation of others, particularly in multiple-child families where parents may confuse one
child‘s involvement in recreational activities with those of another child. On the other hand, in
most cases parents will be responsible for enrolling their child in sports programs, providing the
necessary financial assistance, and will most likely provide transportation to and from practice
and competitions. The investment required by parents in their children‘s sport participation
therefore provides a strong argument for the accuracy of the parental account of children‘s
involvement in sports other than their main sport. It is recommended that wherever possible,
secondary sources such as official results statements, medals, certificates, news items, and/or
photographs be used to assist accurate recall and validation of information relating to
participation in organised sports other than athletes‘ main sport.
Considering the emphasis placed on participation in other organised sports in the sport
expertise development literature, it is recommended that this section be retained in the DHAQ
despite the issues discussed. It is imperative, however, that validity and reliability continue to be
monitored closely in future investigations. Given the potential for inaccurate recall of these data,
it is also suggested that results concerning participation in other organised sports, obtained both
directly from investigations utilising the DHAQ and from other studies of sport expertise
development, be interpreted cautiously.
Participation in Informal, Playful Sporting Games
Similar to organised sport practice history, the section of the DHAQ addressing
participation in informal, playful sporting games was slightly more detailed than the same
section of the athlete and parent interviews. Within the DHAQ, athletes were required to list all
the informal, playful sporting games in which they had ever participated on a regular basis, and
for each year of participation in each game listed, they provided the approximate number of
months per year and average number of hours per week they played each game. Additionally,
participants also indicated who they typically played these informal, playful sporting games
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with (e.g. friends, siblings, team-mates), the average age of the people with whom they played
(three or more years younger/older, 1-2 years younger/older, or around the same age), and
where they typically played (e.g. backyard, local streets, local park, local school yard). While
the interviews also required participants to list all informal, playful sporting games in which
they/the athlete had ever participated on a regular basis, the corresponding ages of participation
in each game, and information regarding whom they/the athlete played with and where, details
of time involved in informal, playful sporting games were not collected. Moreover, this section
was not included within the coach interview guide as it was not expected that coaches would be
familiar with this information. PA, ICC, and reliability classification information for this section
is provided in Table 7.
In general, validity and reliability of recall for participation in informal, playful
sporting games was very weak, with the majority of items receiving moderate or poor
classification ratings across almost all validity and reliability conditions. Although test-retest
reliability for number of informal, playful sporting games identified was good, concurrent
validity and convergent validity with parents were moderate and poor respectively. Further, as
was the case with participation in organised sports, the lists of informal, playful sporting games
that were provided varied considerably between test occasions. In fact, no athletes were found to
have identical lists of informal, playful sporting games across all methods of data collection.
Most likely as a result of providing different lists of sporting games on each test occasion, testretest reliability of total hours accumulated in informal, playful sporting games to date was also
classified as poor. In addition, identification of whom athletes played with, the ages of the
people with whom athletes played, and where they played were also highly inconsistent.
Recall of participation in informal, playful sporting games was not only poor on a
general level, but on a more specific game-by-game level as well. Sufficient data were available
to assess validity and reliability of details of participation in three informal, playful sporting
games on a game-by-game basis. As shown in Table 7, even when the same playful game was
reported on multiple occasions, the ages at which athletes participated in these games and the
time invested in these games were reported with relatively low consistency. It is interesting to
note that eight athletes reported participating in informal, playful sporting games related to their
main sport within this section during the initial completion of the DHAQ, however, of these
eight athletes, only one listed main-sport related play on all test occasions. The remaining
athletes reported participation in main-sport related play on only one or two test occasions,
resulting in insufficient data to accurately assess validity and reliability of information
pertaining to participation in informal, playful sporting games related to the athletes‘ main sport
in isolation.
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These findings are particularly noteworthy, but at the same time, perhaps not surprising.
Details of participation in informal, playful sporting games may be difficult to recall because, by
nature, participation in these activities is inconsistent. Children typically engage in play
spontaneously, and the time involved in play can vary considerably between sessions. The
sporting games played from one session to the next can also vary considerably, and even within
a single session, a variety of activities may be played. The nature of participation in informal,
playful sporting games differs from that of organised sports, as organised sports typically have
clearly defined and regularly occurring practice times, competitions, and seasons. The structured
nature of organised sports makes it much easier to recall past involvement, whereas the
irregular, informal nature of play makes it more difficult to accurately quantify participation.
The results are important however, because a number of investigations of sport
expertise development have found participation in informal, playful sporting games to
differentiate highly skilled from lesser skilled athletes in a variety of sports (Berry et al., 2008;
Ford et al., 2009; Memmert et al., 2010). In the past, validity and reliability of recall for
participation in informal, playful sporting games has not been assessed to the same degree as
this study, however Soberlak and Côté (2003) also reported considerably larger discrepancies
between athlete and parent responses for hours of participation in deliberate play compared to
deliberate practice and other organised sports.
Given the previous research in this area, it is recommended that this section of the
DHAQ be modified in an attempt to improve recall of participation in informal, playful sporting
games. While participants would still be required to provide a list of all informal, playful
sporting games in which they have participated on a regular basis, it is recommended that
instead of having to provide details of the ages and duration of their involvement in each game
reported, they simply provide an overall estimate of the ages and duration of their involvement
in all informal, playful sporting games combined. It is hypothesised that this more general
approach may improve recall, as participants will only have to remember broad details of their
involvement in sporting play, rather than their involvement in specific sporting games. It is,
however, recommended that items relating to whom participants engaged in informal, playful
sporting games with, and where they played, be removed from the questionnaire. Modifications
to this section of the DHAQ should be monitored closely.
General Involvement in Main Sport
Validity and reliability for items within the general involvement in main sport section of
the DHAQ were assessed overall, and where applicable, on an age-by-age basis for ages 4-23.
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For age-by-age analyses, convergent validity with coaches was only assessed for ages 17-23, as
few coaches worked with the athletes before this time. Results are provided in Table 8.
Practice history. Concurrent validity, convergent validity with parents, and test-retest
reliability were all very good for age at first participation in main sport. Internal consistency
between age at first participation in main sport as reported within this section of the
questionnaire and the sporting career and milestones section was also very good (PA = 97.78,
ICC = .98, p < .01). Time involved in main sport was examined via multiple measures.
Participants recalled the total number of months involved in their main sport each year from age
four to the present, along with the average number of hours per week for all types of practice
and competition activities combined. The average number of hours per week and months per
year were multiplied to calculate total hours of involvement in main sport per year of
participation, which were subsequently combined to provide the total cumulative hours of
participation in main sport across athletes‘ careers to date. The average number of practice
sessions per week and the average frequency of competitions were also collected to gain a more
detailed understanding of how time involved in main sport was distributed. Validity and
reliability of recall for each of these measures will be discussed separately.
Concurrent validity, convergent validity with parents, convergent validity with coaches,
and test-retest reliability were all very good across the majority of ages for recall of total
number of months involved in main sport per year. For average number of hours per week
involved in main sport, concurrent validity, convergent validity with coaches, and test-retest
reliability were all very good or good for nearly all ages; however, convergent validity with
parents was poor for several years. With regards to recall of average number of practice sessions
per week, concurrent validity, and test-retest reliability were very good for most ages,
convergent validity with coaches was good, and while convergent validity with parents was also
good for the majority of ages, once again, several years were classified as poor. Responses
provided for hours per week and months per year of involvement in main sport translated to
very good or good concurrent validity classifications for hours per year across all ages, as well
as very good or good test-retest reliability classifications for all ages except six and seven.
Convergent validity with coaches for hours of participation in main sport per year of
involvement was very good or good for the majority of applicable ages, and although
convergent validity with parents was mostly good from ages 14 onward, prior to this point it
was generally quite poor. In addition, concurrent validity and test-retest reliability were very
good for total cumulative hours of involvement in main sport to date, and convergent validity
with parents was good. Convergent validity with coaches could not be determined for total
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cumulative hours of participation in main sport to date as no coaches were familiar with the
athlete throughout their entire career.
The results obtained within this section thus far highlight a number of interesting issues
regarding validity and reliability of recall for time involved in main sport. The DHAQ appears
to be a very reliable measurement tool for the collection of general practice history information,
as test-retest reliability was very good or good for all items, across almost all ages. The only
exceptions were moderate to poor ratings for average number of hours per week and,
subsequently, total number of hours per year at ages six and seven. Interestingly, ages 6-7
correspond to the average age of first involvement in main sport for participants in this study. It
is therefore possible that recall for hours of participation during the first year or two of
involvement in a new sport may be challenging until a regular schedule is in place. To support
the strong reliability ratings, concurrent validity was also very good or good for all items across
all ages. The higher concurrent validity for hours of participation at ages six and seven
compared to test-retest reliability might be reflective of a recency effect given the shorter time
delay between test occasions. In the event of uncertainty, participants may have remembered
their response from the previous test occasion, which could explain the stronger consistency for
these years. Consequently, athlete reports of hours of participation in main sport during the first
two years of involvement should be interpreted with caution.
As already discussed, parents are frequently used as a source of validation for athlete
developmental history information. It is expected that since parents are typically highly
involved in children‘s extracurricular activities during the childhood and adolescent years, they
could provide an accurate account their child‘s experiences. In this study however, convergent
validity with parents was relatively poor. Interestingly, convergent validity with parents for total
cumulative hours of participation in main sport to date was classified as good, but convergent
validity with parents for average number of sessions per week, average number of hours per
week, and total number of hours per year, were poor across a range of ages.
As responses for average number of hours per week are utilised in the calculation of
total number of hours per year and, ultimately, total cumulative hours of participation in main
sport to date, the good convergent validity with parents for total cumulative hours of
participation in main sport to date is slightly misleading. This is important as a number of
investigations of sport expertise development have addressed total cumulative hours of
participation in validity and reliability analyses without reporting validity and reliability of the
constituents of this measure, that is, hours per week, months per year, and hours per year (Berry
et al., 2008; Memmert et al., 2010; Soberlak & Côté, 2003). Furthermore, the poor convergent
validity with parents for several measures raises the question of which response is more accurate
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– parents‘ or athletes‘? Before answering this question, we must first discuss results pertaining
to convergent validity with coaches.
Convergent validity with coaches was very good or good for recall of months per year
during each age they were involved with the athlete, average number of hours per week, and
average number of sessions per week. Convergent validity with coaches for total hours of
involvement in main sport per year was also very good or good with just one exception at age
19. Given the high degree of involvement of the coach in an athlete‘s training schedule, it was
expected that convergent validity with coaches would be strong for time involved in main sport
across all ages. During instances of lower consistency, it may have been the case that coaches
were recalling information based upon their own schedule or the schedule of their ‗average‘
athlete, rather than the personalised schedule of the athlete in question. Nonetheless, convergent
validity with coaches was generally good, and undoubtedly stronger than convergent validity
with parents. Therefore, considering the strong concurrent validity, test-retest reliability, and
convergent validity with coaches for items relating to time involved in main sport, it can be
assumed that athlete recall of this information is more accurate than parent recall. As such, the
use of parents as sources of validation for training history information may be problematic.
Competition involvement. In addition to practice history information, basic details of
competition involvement were also collected within this section. Age at first participation in
competition was recalled with excellent consistency, with concurrent validity, convergent
validity with parents, and test-retest reliability all classified as very good. Similarly, highest
level of competition also received very good classifications for concurrent validity, convergent
validity with parents, convergent validity with coaches, and test-retest reliability, as did the age
at which participants reported reaching their highest level of competition. Additionally, age at
first participation in competition, highest level of competition, and age when first reached
highest level of competition all displayed very good internal consistency with the sporting
career and milestones section of the DHAQ (age at first participation in competition: PA =
95.83, ICC = .81, p < .01; highest level of competition: PA = 93.33; age when first reached
highest level of competition: PA = 99.21, ICC = .99, p < .01).
On an age-by-age basis, validity and reliability of recall for highest level of competition
varied. Concurrent validity was very good or good for almost all ages, but test-retest reliability
received moderate classifications for several years. Convergent validity with coaches was very
good or good, but convergent validity with parents ranged from very good to poor. In general,
validity and reliability were particularly weak during the teenage years. Interviews revealed that
during these years, athletes frequently participated in a variety of school, club, regional, state,
and national level competitions. During this busy period of development, it appears that it may
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be difficult to recall details of competition involvement with accuracy. This finding is also
reflected in results concerning average frequency of competitions. When asked to identify the
average frequency of competitions for their main sport (e.g. one per week, one per month, four
per year), participants‘ responses were highly inconsistent. Prior to age 11, recall was
reasonable, however after this point, most validity and reliability ratings were moderate or poor.
Accompanying results regarding highest level of competition indicate that ages 11-12
mark the typical progression from club competition to participation in regional, state, and/or
national level competition. This progression results in a more complex competition schedule
compared to that associated with participation at the club level alone. Not only does the volume
of competition increase with progression to higher levels of representation, but each level of
competition tends to follow a different schedule, rendering it difficult to provide an ‗average‘
frequency of competitions throughout the year. Therefore, it is likely that validity and reliability
ratings were poor for this item because the structure of the question did not adequately cater to
the complexity of the issue. Discussion regarding recall of information pertaining to competition
involvement will continue during presentation of results for the detailed history of involvement
in main sport and detailed competition history sections of the questionnaire.
Significant achievements. In an attempt to explore skill level and success on a more
refined scale than simply highest level of competition, participants were asked to indicate their
most significant achievement relating to their main sport, for each year of their involvement. It
was intended that this information could be used to investigate associations between success and
patterns of participation in practice and competition activities, as well as the relative importance
of early success for the development of sport expertise. Unfortunately, concurrent validity,
convergent validity with parents, convergent validity with coaches, and test-retest reliability
were poor for almost all years beyond age 11. Qualitative observation of responses and
participant feedback suggested that at times it may have been difficult to recall relatively minor
successes; while at other times, it may have been difficult to single out the most significant
achievement among a number of notable accomplishments.
Within the sporting career and milestones section of the DHAQ, participants were
required to indicate their most significant achievement across their career to date. As discussed
previously, validity and reliability of recall for the athletes‘ single most significant achievement
were good. Therefore, major achievements such as making a national team or winning an
Olympic gold medal appear to be recalled accurately, but comparatively minor achievements
such as winning a medal at state championships or being voted most valuable player on a team
appear to be less memorable and hence recalled with less consistency. Côté and colleagues
(2005) suggested that subjective information is recalled with less reliability than objective
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information, and our results support this. Although an indication of success throughout the
various stages of an athlete‘s career would be very informative, retrospective recall of this
information is not consistent enough to warrant inclusion of this item in future investigations. It
is therefore recommended that this item be removed from the DHAQ.
Reasons for participation. In a similar manner, validity and reliability of recall for the
main reason athletes‘ participated in their main sport was also very poor. A change in
motivation for participation has been suggested as a marker of the transition from one stage of
development to another (Bloom, 1985), so this item was included to allow for the investigation
of the relationships between motivations for participation, time involved in practice and
competition, relative success, and stage of development. However, recall of reasons for
participation were very inconsistent. Concurrent validity, convergent validity with parents, and
test-retest reliability were all very poor for the majority of ages, particularly past 11 years old.
This item was not included within the coach interview guide, so convergent validity with
coaches could not be assessed. Once again, 11 years old is identified as an age at which
consistency of recall exhibits a noticeable change, suggesting that this age marks a significant
milestone within an athlete‘s career. In this case it is likely that the progression to higher levels
of competition at this age leads to a shift in reasons for participation from fun and enjoyment to
factors such as improvement, to win, and/or to be selected for a team.
Although this information is particularly interesting, the specific responses provided for
this item are not recalled with sufficient consistency to justify retention in the questionnaire. As
for recall of most significant achievement, it is possible that the subjective nature of this item
may be contributing to the inconsistent recall of main reason for participation. It may also be
that reasons for participation are multifaceted and difficult to express in a single word within a
questionnaire. It is therefore recommended that this item also be removed from the DHAQ, and
this line of questioning be restricted to investigations specifically targeting motivations for
participation in sport and physical activity.
Detailed History of Involvement in Main Sport
The detailed history of involvement in main sport section of the DHAQ aimed to gain a
greater understanding of the different types of practice in which athletes participate, and the
conditions under which they engage in practice.
Conditions of practice. First, information regarding the various conditions of practice
in which participants engaged was collected. For each year of involvement in their main sport,
athletes were required to identify the number of months per year, sessions per week, and hours
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per week they engaged in each of five practice conditions: 1) supervised group practice; 2)
supervised individual practice; 3) unsupervised individual practice; 4) unsupervised sportspecific play; and 5) passive sport-specific activities (e.g. watching matches live or on
television, reading sport-specific news and information, or having sport-specific conversations
with others). Details of time involved in competition were also collected. During each method
of data collection, the opportunity to include additional practice conditions was available;
however, no further conditions were identified by any participants during any test occasion.
Responses provided for months per year and hours per week were multiplied to indicate
the approximate number of hours per year of involvement in each practice condition, and hours
per year were subsequently aggregated to provide a cumulative total for hours of participation in
each practice condition across athletes‘ careers to date. Hours per year and total cumulative
hours of participation in each practice condition were also summed to provide values for
participation in main sport overall. Due to the large number of practice conditions addressed
within this section of the questionnaire, validity and reliability results are only presented for
hours per year and total cumulative hours. Validity and reliability results for age at first
participation in each practice condition are also presented. Results related to participation in
main sport according to practice condition are provided in Table 9.
Supervised group practice. Age at first participation in supervised group practice
activities was recalled very consistently, with concurrent validity, convergent validity with
parents, and test-retest reliability all classified as very good. Concurrent validity for hours of
participation per year of involvement in this type of practice was very good or good across all
ages, and both convergent validity with coaches and test-retest reliability were very or good
across most ages, with just a few exceptions (note that, as for the general involvement in main
sport section, convergent validity with coaches was only assessed for ages 17-23). Conversely,
convergent validity with parents for hours of participation in supervised group practice activities
was poor or moderate for the majority of ages, particularly prior to age 18.
Despite poor ratings for convergent validity with parents for hours of participation in
supervised group practice activities per year of involvement, convergent validity with parents
for total cumulative hours of participation in this practice type was good, thus further
highlighting that validity and reliability assessments of total cumulative hours of participation in
sport may be misleading. Concurrent validity and test-retest reliability for total cumulative
hours of participation in supervised group practice activities were both classified as very good.
Supervised individual practice. Age at first participation in supervised individual
practice activities was also recalled very consistently, reflected by very good classifications for
concurrent validity, convergent validity with parents, and test-retest reliability for this item.
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Interestingly, although concurrent validity, convergent validity with parents, convergent validity
with coaches, and test-retest reliability were all classified as very good or good across all ages,
concurrent validity and convergent validity with parents for total cumulative hours of
participation in supervised individual practice activities were both poor. Test-retest reliability
for total cumulative hours of participation in supervised individual practice activities was
classified as good, but yet again discrepancies between validity and reliability classifications for
hours per year and total cumulative hours are observed.
Unsupervised individual practice. Recall of details pertaining to participation in
unsupervised individual practice activities was not as strong as recall for supervised practice
activities. Age at first participation in unsupervised practice activities was rated as good for testretest reliability, but poor for concurrent validity and convergent validity with parents.
Similarly, test-retest reliability for hours per year for this practice type was very good or good
for almost all ages, while concurrent validity and convergent validity with parents was generally
poor from approximately age 13 onward. Convergent validity with coaches was mostly good
between ages 17-23. Overall, classifications for total cumulative hours of participation in
unsupervised individual practice activities were poor for concurrent validity, convergent validity
with parents, and test-retest reliability.
Unsupervised sport-specific play. Likewise, details of participation in unsupervised
sport-specific play were also recalled with low consistency. While concurrent validity and testretest reliability were very good and convergent validity with parents was good for age at first
participation in this practice type, concurrent validity, convergent validity with parents,
convergent validity with coaches and test-retest reliability for hours of participation per year of
involvement were generally poor between ages 10-18. Although validity and reliability ratings
were very good outside of these ages, participants did not typically engage in sport-specific play
before age 10 or after age 18. As such, recall of time engaged in sport-specific play during the
years in which athletes were most highly involved in this activity was poor. In support of this
finding, concurrent validity, convergent validity with parents, and test-retest reliability for total
cumulative hours of participation in unsupervised sport-specific play were all classified as poor.
Passive sport-specific activities. Mixed results were observed for participation in
passive sport-specific activities such as watching main sport live or on television and reading
main-sport related news and information. For age at first participation in this practice condition,
test-retest reliability was very good, concurrent validity was good, but convergent validity with
parents was poor. Concurrent validity and test-retest reliability for hours of involvement in
passive sport-specific activities per year were very good or good across all ages, and convergent
validity with parents was very good or good prior to age 19; however, convergent validity with
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parents was poor beyond this age. Convergent validity with coaches for hours of involvement in
passive sport-specific activities per year was very good or good across the majority of
applicable ages. Overall, concurrent validity for total cumulative hours of participation in
passive sport-specific practice activities was good, but convergent validity with parents and testretest reliability were poor.
Competition. With regards to competition activities, athlete, parent, and coach
participants all expressed difficulties quantifying competition involvement. As discussed
previously, athletes commonly participate in club, regional, state, national, and/or international
level competitions simultaneously, and each competitive level often involves a different
competition schedule. For example, club level competitions frequently occur once per week,
while state and national level competitions may only occur once or twice per year. Additionally,
some competitions involve a single match or event, lasting just a few hours, whereas other
competitions involve multi-day tournaments. Furthermore, competitions typically include time
spent actively involved in competition, active warm-up and cool-down activities, and downtime between matches/events. From conversations with participants during interview
procedures, it became apparent that the DHAQ did not adequately cater to the complexities of
competition scheduling. Participants expressed uncertainty in how to provide an average
frequency for their varying competition schedule, and were unsure whether they were expected
to include time in which they were at the competition venue but not necessarily actively
engaged in competition, within their estimates of time involved. As a result, the manner in
which participants responded to items regarding time involved in competition activities was
highly inconsistent.
Consequently, validity and reliability of recall for hours per year and total cumulative
hours of participation in competition were not assessed. Concurrent validity, convergent validity
with parents, and test-retest reliability were, however, all very good for age at first participation
in competition. Internal consistency for age at first participation in competition was also very
good between this section of the DHAQ and the sporting career and milestones (PA = 91.91,
ICC = .90, p < .01) and general involvement in main sport (PA = 89.23, ICC = .72, p < .01)
sections of the questionnaire.
All practice conditions. Note that as a result of the complications encountered regarding
quantification of competition involvement, details of participation in competition were not
included within the following assessments of validity and reliability for all practice conditions
combined. However, combining details of participation in supervised group practice, supervised
individual practice, unsupervised individual practice, unsupervised sport-specific play, and
passive sport-specific activities together, concurrent validity, convergent validity with parents,
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and test-retest reliability for age at first participation in main sport overall were all very good.
Internal consistency for age at first participation in main sport with the sporting career and
milestones (PA = 98.67, ICC = 1.00, p < .01) and general involvement in main sport sections
were also very good (PA = 96.44, ICC = .98, p < .01).
Validity and reliability of recall for hours of participation in all practice conditions
combined per year of involvement was rated as very good or good across the majority of ages
for concurrent validity, convergent validity with coaches, and test-retest reliability, but
convergent validity with parents was poor or moderate for most years. Additionally, concurrent
validity, convergent validity with parents, and test-retest reliability for total cumulative hours of
participation in main sport under all practice conditions combined were all classified as good.
Interestingly, internal consistency between responses in this section and those within the
general involvement in main sport section of the DHAQ was very good or good for total hours
of participation in main sport per year across all ages (see Table 10), as well as for total
cumulative hours of involvement in main sport overall (PA = 88.89, ICC = .97, p < .01). It is
surprising that internal consistency for these items was so strong because within the general
involvement in main sport section of the questionnaire, participants were instructed to consider
all practice and competition activities combined when providing estimates of time involved in
main sport. As previously discussed, within the current practice condition analysis, time
involved in competition activities was not included in calculations of overall time involved in
main sport, suggesting that participants may not have accounted for time engaged in
competition during their earlier responses within the general involvement in main sport section.
It is important to highlight that a number of items within this section of the DHAQ were
classified as having very good or good validity and/or reliability on the basis of a strong percent
agreement score alone. As indicated in Table 9, many items displayed very good or good
agreement, yet the corresponding ICC was poor. As PA is weighted more heavily than ICC in
the overall classification system, these items were considered to have very good or good validity
and/or reliability, despite having low, zero, negative, or non-significant ICCs. The combination
of a high PA and a low ICC suggests that responses provided on both test occasions of interest
were reasonably similar in magnitude; however, some athletes provided responses during the
initial completion of the DHAQ that were slightly lower than those provided during the
comparative data collection method (i.e. athlete interview, parent interview, coach interview, or
retest occasion), whereas other athletes provided responses during the initial completion of the
DHAQ that were slightly higher. The poor ICC indicates that there was no systematic
occurrence of under- or over-reporting during one method of data collection compared to the
other, but this does not matter given the similarity in magnitude of responses. This scenario is
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an example of why PA is weighted more heavily than ICC in the overall classification system,
because the correlation matters less when responses are in close agreement.
Results obtained regarding conditions under which athletes practiced highlight some
important considerations for the collection of practice history information. First, details of
participation in supervised group practice activities were recalled most consistently, followed by
supervised individual practice activities; recall of participation in unsupervised practice
activities was noticeably less consistent, particularly for unsupervised individual practice
activities. Supervised practice activities tend to be scheduled at regular times, and are typically
of fixed duration. In comparison, unsupervised practice activities often occur spontaneously and
for varying amounts of time. It is therefore not surprising that recall of details relating to
unsupervised practice activities was somewhat inconsistent, as participation in these activities
can itself be inconsistent, thus more difficult to accurately recall.
Despite the issue of poor recall, previous research has identified that individual
unsupervised practice activities are highly relevant for performance improvement (Baker et al.,
2003a; Helsen et al., 1998; Hodge & Deakin, 1998; Hodges & Starkes, 1996). Therefore, rather
than remove these items from the DHAQ, it is recommended they be retained but monitored
closely for validity and reliability. If validity and reliability of recall continue to be poor,
examinations of participation in individual unsupervised practice activities may need to be
reserved for longitudinal, prospective studies in which athletes complete training diaries to
record their involvement as it occurs. Moreover, it is advised that results relating to hours of
participation in unsupervised practice activities obtained both directly from investigations
utilising the DHAQ and other external investigations involving retrospective recall techniques,
be interpreted with care.
Second, concerning the issues surrounding quantification of time involved in
competition activities, it is recommended that details of participation in competition be removed
from this section and incorporated into the detailed competition history section. This would
allow for a more in-depth investigation of time involved in competition than the current broad
measures of hours per week and months per year. It is suggested that the detailed competition
history section be modified to address involvement in various formats of competition (for
example regular fixture format competition, tournament format competition, and occasional
competitions), and to differentiate between time spent actively involved in competition, and
time spent at the competition venue but not physically engaged in a match/event.
Regarding assessment of validity and reliability of recall for practice history
information in future investigations, results obtained within this section further support our
earlier proposals that a) parents may not be the most appropriate source for validation of these
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items so wherever possible coaches and/or training diaries should be consulted to corroborate
athlete responses regarding involvement in various conditions of practice and b) the use of total
cumulative hours of participation in various practice activities for validity and reliability
assessments without concurrent investigation of at least hours of participation per year of
involvement may be misleading. Furthermore, despite being prompted to include time involved
in competition within overall estimates of time involved in main sport, it appears that athletes
may not do so. Therefore, when collecting athlete developmental history information it is
important to explicitly address practice and competition involvement separately.
Similar conclusions can also be drawn from results obtained within the second half of
the detailed history of involvement in main sport section of the questionnaire, where validity
and reliability of recall for participation in a range of practice types was assessed.
Types of practice. Analogous to the first half of this section concerning the conditions
under which athletes practiced, the number of hours per week and months per year participants
engaged in each of the following types of practice were collected: 1) technique/skills training; 2)
tactical/games-based training; 3) physical conditioning/weights; 4) mental/psychological skills
training; 5) recovery techniques; 6) video analysis/review; 7) study related to main sport; and 8)
watching main sport live or on television. These values were multiplied to give hours of
participation in each practice type and in all practice types combined per year, which were
subsequently added to provide total cumulative hours of involvement in each practice type and
all practice types combined, across athletes‘ careers to date. As several of these activities can be
combined within a single practice session, information regarding the number of sessions per
week participants engaged in each practice activity was not collected.
During all data collection procedures, space was provided for participants to include
any other types of practice in which they engaged on a regular basis. This resulted in the
identification of one additional practice activity: flexibility training, yoga and/or Pilates;
however, as flexibility training, yoga and/or Pilates was not included within the initial version of
the DHAQ, validity and reliability for recall of participation in this type of practice could not be
assessed. Since flexibility training, yoga and/or Pilates was highlighted as a regular component
of practice for several participants, it is recommended that this activity be included within future
investigations involving the collection of detailed practice history information.
Once again, due to the large number of practice types included within this section,
validity and reliability results are only presented for total hours of participation in each practice
type per year, and as a total cumulative value (see Table 11). Results pertaining to age at first
participation in each practice type are also provided.
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Sport-specific physical practice. The two most common types of practice for team and
individual sports alike were technique/skills training and tactical/games based training.
Although it was intended to consider these practice types independently, feedback from
participants indicated that it was rare to work on these components in isolation. Participants
expressed difficulty separating their involvement in the practice types and did not feel they
could provide accurate representations of time involved in each of the categories independently.
Therefore, in response to the needs of participants, technique/skills training and tactical/games
based training were combined into a single category titled sport-specific physical practice.
The age at which participants first engaged in sport-specific physical practice was
recalled consistently, with concurrent validity and test-retest reliability classified as very good
and convergent validity with parents classified as good. Somewhat surprisingly given that sportspecific physical practice is the main form of training for the majority of athletes, validity and
reliability of recall for hours of participation in this practice type was generally poor. On an ageby-age basis, test-retest reliability was very good or good prior to age 14 when hours of
involvement were relatively low, but beyond this age, test-retest reliability was poor.
Concurrent validity, convergent validity with parents, and convergent validity with coaches
were all classified as poor for the majority of years, with just several exceptions at young ages,
again when participation was limited. Consequently, total cumulative hours of involvement in
sport-specific physical practice was also classified as poor for concurrent validity, convergent
validity with parents, and test-retest reliability.
Examination of values for hours of participation in sport-specific physical practice
revealed that, in general, responses provided during the athlete interview, parent interview,
coach interview, and DHAQ-retest were relatively similar, but were much lower during the
initial completion of the DHAQ. As a number of participants completed the questionnaire
before the decision was made to collapse technical/skills training and tactical/games-based
training into a single category, values for participation in sport-specific physical practice for
these athletes were calculated via summation of responses for the two original practice types. It
is possible that the difficulties associated with separating involvement into technical/skills
training and tactical/games-based training for these athletes led to inaccurate accounts of
practice history. Since all validity and reliability comparisons were conducted against responses
provided during the initial completion of the DHAQ, this could explain the seemingly poor
recall for hours of involvement in sport-specific physical practice. It is highly likely that
improved item structure, combining technical/skills training and tactical/games-based training
into a single sport-specific physical practice category, would lead to more consistent recall of
details of participation in this practice type in future investigations.
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Physical conditioning/weights. Recall of involvement in physical conditioning/weights
was slightly better than sport-specific physical practice. Athletes did not typically report
participation in this type of practice before age 12, so validity and reliability of recall for hours
of participation before this age was very good. Relatedly, identification of age at first
participation in physical conditioning/weights was also classified as very good for concurrent
validity, convergent validity with parents, and test-retest reliability.
Beyond age 12, test-retest reliability for hours of participation in physical
conditioning/weights was mostly good or very good, but concurrent validity was poor between
the ages of 13-18. Descriptions of practice schedules provided during athlete interviews
highlighted that during this time, physical conditioning activities were usually incorporated
within sport-specific physical practice sessions, whereas at older ages, physical conditioning
activities were conducted as separate stand-alone sessions. When incorporated into sportspecific physical practice sessions, scheduling of physical conditioning/weights was not always
consistent or for a fixed duration, explaining the poor concurrent validity for these ages.
Convergent
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conditioning/weights was classified as poor from age 15 onward. This corresponds to the time at
which athletes‘ practice schedules tend to become more complex, and also when parents are less
likely to attend their child‘s practice sessions. Resultantly, it is around this time that parents will
become less aware of the activities in which athletes are engaging during training. Furthermore,
as already mentioned, the majority of participants had moved out of the family home prior to
their involvement in this study, so when athletes are no longer living with their parents, it
becomes even less reasonable to assume that parents will be accurate sources for validation of
information relating to practice scheduling and composition. When evaluating hours of
participation in various practice activities, particularly during the late adolescent and adult
years, coaches are considered to provide a more accurate record of involvement, and hence
convergent validity with coaches becomes an important indicator for accuracy of athlete recall.
In regards to recall for details of participation in physical conditioning/weights, convergent
validity with coaches was very good or good across almost all applicable ages.
Overall,
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conditioning/weights across participants‘ careers to date was good for concurrent validity and
test-retest reliability, but poor for convergent validity with parents.
Mental/psychological skills training. As national and international level athletes, it was
expected that participants would engage in regular sessions with a sport psychologist to build
mental skills and psychological strategies for performance. While a number of participants
reported engaging in mental/psychological skills training during the initial and/or retest
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completions of the DHAQ, no athletes reported any involvement in this form of practice during
their interviews. It is unclear why this was the case considering all athletes were prompted to
discuss their involvement in each practice type during all test occasions. Moreover, no parents
or coaches reported their athletes to have participated in mental/psychological skills training
either. This finding was very surprising given the high skill level of participants involved in this
phase of the study. The fact that no parents or coaches reported athlete participation in this type
of practice may indicate that mental/psychological skills training was not a scheduled,
compulsory activity for the athletes involved in this study, and that athletes may have chosen to
engage in this type of practice voluntarily, in their own time, without the knowledge of their
coach or parents. This does not explain, however, why eight participants reported engaging in
mental/psychological skills training during the initial and/or retest completions of the DHAQ
but not the athlete interview.
Although validity and reliability statistics and classification information for items
relating to involvement in mental/psychological skills training are provided in Table 11, these
results are slightly misleading because all athletes including both those who did and did not
report any hours of involvement in this type of practice are incorporated into the analyses. When
athletes did not report participation in a particular practice type at a given age, responses for
hours per week, months per year, and consequently hours per year, were entered as 0. Therefore,
when responses were 0 for both test occasions involved in validity and reliability analyses,
agreement was calculated to be 100%. For ages during which the majority of participants
displayed 100% agreement between test occasions, the mean PA was high, so validity/reliability
was classified as very good or good, even when several athletes displayed 0% agreement
because participation was reported during completion of the DHAQ but not the interview. For
this reason, concurrent validity and convergent validity with parents were rated as very good or
good from ages 15-20 despite the fact that no athletes or parents reported involvement in
mental/psychological skills training during their interviews. Had only participants who reported
involvement in mental/psychological skills training during the initial completion of the DHAQ
been included in the analyses, concurrent validity, convergent validity with parents, and
convergent validity with coaches would have been poor for all ages beyond 15.
It is noteworthy that test-retest reliability was classified as very good for age at first
participation in mental/psychological skills training, and was good for hours of involvement in
mental/psychological skills training per year beyond age 15, once participation generally
commenced. However, test-retest reliability for total cumulative hours of participation in
mental/psychological skills training throughout athletes‘ careers to date was poor suggesting
that the over-representation of athletes who did not participate in this type of practice may have
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inflated validity and reliability results for hours per year during the test-retest comparison also.
It could therefore be concluded that when athletes engaged in mental/psychological skills
training, recall of details of their involvement was generally quite poor.
Recovery techniques. A similar situation to the validity and reliability of reported
participation in psychological training/mental skills was apparent for participation in recovery
techniques. In this case, almost all athletes reported engaging in recovery techniques during the
initial and/or retest completions of the DHAQ, but no athletes, parents, or coaches reported
involvement during the interviews. Since the majority of athletes reported their participation in
this type of practice during the initial completion of the DHAQ, the validity and reliability
results presented in Table 11 are not affected by the same issues described above relating to
over-representation of athletes reporting no involvement in this activity. Therefore, validity and
reliability results discussed herein can be considered true reflections of the data obtained.
Test-retest reliability for age at first participation in recovery techniques was very good.
Athletes reported participating in this activity from as early as age 13, although most did not
begin their involvement until approximately 17-18 years of age. As such, prior to this point,
validity and reliability of recall for hours of participation in this type of practice per year of
involvement in main sport were very good or good. Beyond age 17, concurrent validity,
convergent validity with parents, and convergent validity with coaches were poor as no
participation in recovery techniques was reported during the interviews. Test-retest reliability
was moderate to poor for ages 18-20, but was very good or good at all other ages.
Despite strong consistency between responses provided for hours of participation in
recovery techniques at most ages, the discrepancies at ages 18-20 were sufficient to result in
poor test-retest reliability for total cumulative hours of participation in this activity across
athletes‘ careers to date. As was the case for participation in mental/psychological skills
training, it appears that when athletes engaged in recovery techniques, recall of specific details
regarding their involvement was relatively poor.
Video analysis/review. Participation in video analysis/review activities was reported for
most athletes during each data collection occasion. Age at first participation in video
analysis/review activities was recalled consistently, with concurrent validity and test-retest
reliability for this measure classified as very good and concurrent validity with parents
classified as good. The typical age at first participation in this type of practice was
approximately 15, so concurrent validity, convergent validity with parents, and test-retest
reliability for recall of hours of participation in video analysis/review activities per year of
involvement in main sport up to this age was very good. Test-retest reliability remained very
good or good until age 18, at which point classifications lowered to moderate or poor; and
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concurrent validity was poor from age 17 onward. Convergent validity with parents was poor
from age 15, and convergent validity with coaches was poor for all relevant ages (i.e. 17-23).
Although involvement in video analysis/review activities was reported across all data collection
occasions, hours of involvement were reported to be considerably higher during both
completions of the DHAQ than each of the interview procedures. This led to poor ratings of
concurrent validity and convergent validity with parents for total cumulative hours of
participation in video analysis/review activities across athletes‘ careers to date, and moderate
test-retest reliability.
Again, it is possible that athlete responses for hours of participation in this type of
practice were higher than parent and coach responses because they could be engaging in these
activities unsupervised, in their own time, without the knowledge of their parents or coach. Yet,
the discrepancies between athlete responses within the DHAQ and athlete responses during the
interview are still unexplained. It may be that during interview procedures athletes experienced
a form of fatigue whereby they felt they had already shared enough information about their
practice schedule and were anxious to move on to the next section. The interview procedures
employed in this study were exhaustive, requiring participants to provide significant amounts of
detailed information about their involvement in their main sport. Although the interview guide
followed the structure of the DHAQ closely, and the time to complete both procedures was quite
similar, the discussional nature of the interview may have been more taxing on the individuals,
requiring greater sustained attentional focus. It could be the case that in an attempt to progress
through the interview faster, participants were not as thorough in their descriptions of their
practice activities as they were when completing the DHAQ.
Alternatively, it may simply be that involvement in practice activities such as video
analysis/review, recovery techniques, and mental/psychological skills training are difficult to
recall with accuracy because they are engaged in to a lesser degree than activities such as sportspecific physical practice and physical conditioning/weights. The lower consistency of recall
may merely reflect the fact that these activities are less prominent features of athletes‘
involvement in their main sport.
Study related to main sport. Along the same line of argument, very few participants
reported engaging in study related to their main sport. Activities provided as examples for this
type of practice included reading news or information about their sport or talking about their
sport with others. Just four athletes reported participating in this type of practice, but it is
noteworthy that these athletes each indicated participation on multiple test occasions. However,
similar to other types of practice that appear to be less integral components of athletes‘
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involvement in their main sport, no parents or coaches reported their athletes to have engaged in
sport related study.
For athletes who reported involvement in study related to their main sport, concurrent
validity and test-retest reliability for age at first participation were both good. Given the high
proportion of athletes who did not report involvement in this activity, concurrent validity,
convergent validity with parents, convergent validity with coaches, and test-retest reliability for
hours of participation in sport related study per year of involvement in main sport were
classified as very good or good for most ages. Concurrent validity and test-retest reliability were
also rated as good for total cumulative hours of participation across athletes‘ careers to date,
although convergent validity with parents was poor as a result of the fact that no parents
reported their child participating in this activity. Once again, closer inspection of responses
provided by those athletes who did engage in this activity suggests that specific details of
participation were not recalled with great consistency, similar to other minor supplementary
practice activities.
Watching main sport live or on television. The final type of practice addressed within
this section of the questionnaire was watching main sport live or on television. Most participants
reported spending time watching their main sport during the initial completion of the DHAQ,
approximately half of participants reported watching their main sport during the retest
completion of the DHAQ, but only two participants reported spending time watching their main
sport within the athlete interviews. Additionally, no parents or coaches reported athlete
involvement in this activity during their interviews. Due to the varying number of athletes
reporting participation in this type of practice, validity and reliability results were mixed.
Concurrent validity for age when first started watching main sport live or on television
was very good, but test-retest reliability was poor. Furthermore, concurrent validity, convergent
validity with parents, convergent validity with coaches, and test-retest reliability for hours spent
watching main sport per year all ranged from very good to poor, and concurrent validity,
convergent validity with parents, and test-retest reliability for total cumulative hours spent
watching main sport were all poor. Watching main sport live or on television appears to be yet
another practice activity that was either ignored during participation in interview procedures,
and/or was too difficult to recall with accuracy because it did not form a major component of
athletes‘ practice schedules.
All practice types. Given the relatively poor recall for hours of involvement in each of
the various types of practice across most ages, it is not surprising that total hours of participation
in all practice types combined per year of involvement in main sport received mostly poor
ratings for concurrent validity, convergent validity with parents, and convergent validity with
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coaches. Test-retest reliability was slightly better with a number of years receiving
classifications of good, although ages 16-21 were still rated as having poor consistency.
Interestingly, despite large inconsistencies between values reported for total cumulative
hours of participation in each practice type during the initial completion of the DHAQ, the
athlete interview, and the retest completion of the DHAQ, the overall total for cumulative hours
of participation in all practice types combined across athletes‘ careers to date was classified as
having good concurrent validity and test-retest reliability. Convergent validity with parents for
total cumulative hours of participation in all practice types combined across athletes‘ careers to
date was classified as poor, but this is not surprising given parents reported nil participation for
many of the activities. The finding regarding seemingly consistent recall between athlete test
occasions for total cumulative hours of participation in all practice types combined supports
earlier propositions that assessments of validity and reliability of recall involving only more
global measures of participation such as total cumulative hours, without accompanying
consideration of validity and reliability of recall for more specific details, may be misleading,
and more rigorous analyses should be incorporated into future investigations to be confident of
the trustworthiness of the data.
Also of interest are results relating to internal consistency for total hours of participation
in main sport. Values calculated for total hours of participation in all types of practice combined
per year of involvement in main sport were compared to similar values obtained within the
general involvement in main sport section of the questionnaire, as well as the first half of the
detailed history of involvement in main sport section concerning the conditions under which
athletes practiced. Even though hours of participation in main sport were collected using
different approaches within each of these sections, it was expected that the total number of
hours per year, and consequently the total cumulative hours of involvement across athletes‘
careers to date, would be similar. So far, comparison of total hours per year and total cumulative
hours of involvement between the general involvement in main sport and conditions of practice
sections have revealed very good internal consistency ratings. However, internal consistency for
hours of participation in main sport between these earlier sections of the DHAQ and the type of
practice section was not nearly as good (see Table 10).
On an age-by-age basis, internal consistency for hours of participation in main sport
between the type of practice section and the general involvement in main sport section was
primarily very good or good prior to age 11 and after age 19. Between these years however,
internal consistency was moderate to poor. Furthermore, internal consistency for hours of
participation in main sport between the type of practice section and the conditions of practice
section was noticeably worse, with almost all ages classified as poor. Important to note is that
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internal consistency for total cumulative hours of participation in main sport across athletes‘
careers to date between the type of practice section and both earlier sections was classified as
good (general involvement in main sport: PA = 68.87, ICC = .77, p < .01; conditions of
practice: PA = 68.24, ICC = .70, p < .01), again supporting the argument that total cumulative
hours of participation should not be utilised within validity and reliability investigations to
assess accuracy of recall for athlete developmental histories, because validity and reliability
statistics for this value are misleading.
Closer inspection of the data for total hours of participation in main sport revealed that
values reported within the type of practice section were considerably lower than those reported
in earlier sections of the questionnaire across all ages. As already discussed, this is likely to be
the result of under-reporting of hours involved in sport-specific physical practice due to
difficulties associated with differentiating involvement in technical/skills training and
tactical/games-based training. Therefore, the low internal consistency for hours of participation
in main sport per year of involvement is probably related more to sub-optimal item structure
than poor athlete recall per se.
On a more positive note however, age at first participation in any type of practice as
reported within this section of the questionnaire received classifications of very good for
concurrent validity and test-retest reliability, and convergent validity with parents was good.
Age at first participation in any type of practice for main sport was also rated as having very
good internal consistency with similar items within the sporting career and milestones (PA =
82.90, ICC = .32, p = .08), general involvement in main sport (PA = 85.12, ICC = .30, p = .10),
and conditions of practice (PA = 81.56, ICC = .33, p = .07) sections.
As was the case for the conditions of practice section of the DHAQ, a number of items
relating to practice type displayed very good or good PA values, thus were classified as having
very good or good validity and/or reliability overall, despite the corresponding ICC being rated
as poor. As previously explained, this pattern of results reflects that there was no systematic
over- or under-reporting of responses provided during the initial completion of the DHAQ
compared to the comparative data collection method, but the responses provided on both test
occasions were relatively similar in magnitude (i.e. some athletes reported slightly higher values
during the initial completion of the DHAQ compared to the alternative data collection method,
while other athletes reported slightly lower values during the initial completion of the DHAQ).
When responses are similar in magnitude, the systematic relationship between test occasions
becomes less important; hence, it is fair to classify validity and reliability as very good or good
on the basis of a very good or good PA value alone, even when the corresponding ICC is low,
zero, negative, or non-significant.
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Overall, the comparatively poor results for validity and reliability of recall for
information pertaining to the types of practice in which athletes have participated across their
careers to date were unexpected. While poor convergent validity with parents for this section is
understandable given parents are unlikely to attend all practice sessions and know exactly what
activities athletes are engaging in during training, particularly during the late adolescent and
adult years, the poor consistency between athlete test occasions, and poor convergent validity
with coaches were surprising. There are two key factors that appear to be driving these results.
First, many of the practice types addressed within this section seem to form very minor
components of athletes‘ training schedules. Sport-specific physical practice, physical
conditioning/weights, and video analysis/review activities were the only practice types for
which athletes were reported to have participated during all test occasions. Participation in
mental/psychological skills training, recovery techniques, study related to main sport, and
watching main sport live or on television were only reported by athletes, not coaches or parents,
and hours of participation in these activities were typically very low. Since parents and coaches
were unaware of athletes‘ involvement in these activities, it is assumed that participation was
both voluntary and unsupervised. Details of involvement in activities of this nature, particularly
those undertaken for relatively short durations are likely more difficult to recall with accuracy
compared to scheduled, supervised, regularly occurring practice activities, which could explain
the low validity and reliability of recall for these practice types.
The second factor that may be responsible for low consistency of recall between athlete
test occasions is poor experimental design. Two features of the experimental design that may
have contributed to low validity and reliability of recall for hours of participation in various
practice types have already been discussed: 1) difficulties associated with differentiating
technical/skills training and tactical/games-based training, leading to under-reporting of time
involved in sport-specific physical practice; and 2) respondent fatigue during interviews, leading
to incomplete accounts of practice history during this test occasion, and subsequently, poor
concurrent validity. Furthermore, the main sport practice and competition history section of the
DHAQ required athletes to provide details of their involvement in their main sport multiple
times. First, athletes provided general details of their involvement in practice and competition
activities, next they provided details of the conditions under which they practiced, and then they
identified the various types of practice in which they participated. The questionnaire was
designed in this manner to obtain a more detailed understanding of athletes‘ practice profiles,
and also to allow for assessments of internal consistency so reliability of recall for this
information could be explored in great depth. While these considerations were theoretically
sound, in a practical sense the questions appeared very repetitive to participants, and they
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expressed frustration with having to provide so much detail about their involvement in their
main sport over and over again. This frustration could have led to inaccurate reporting of details
within this third sub-section concerning details of practice involvement, as participants may
have rushed through their responses to move on to a new line of questioning. Contrary to
intentions, rather than facilitating examinations of internal consistency, the repetitive structure
of the questionnaire may actually have negatively influenced validity and reliability results.
Together, issues relating to accuracy of recall for minor practice activities and poor
experimental design may explain the substandard level of validity and reliability for recall of
details pertaining to participation in various types of practice throughout athletes‘ careers. An
alternative explanation for the lower consistency of recall for participation in specific practice
types compared to general involvement in main sport overall, could be related to the complexity
of high performance athletes‘ training schedules. Athletes participating at the national and
international level are likely to follow a carefully periodised training plan taking into
consideration the appropriate balance of practice activities to ensure attainment of peak
performance at critical stages of the competition season. As such, while the overall number of
training sessions and hours of practice may remain relatively constant throughout the year, the
specific practice activities in which athletes engage during this time may vary considerably
between general preparation, specific preparation, competition, and transition phases. Therefore,
it may be more difficult to provide an indication of the ‗average‘ hours of participation in
various activities during each year of involvement, because the composition of practice is so
highly variable. Consequently, a more general indication of overall hours of practice per week
may be more consistent throughout the year, and hence a more accurate indication of
involvement in main sport.
Despite the issues concerning accuracy of recall for participation in specific types of
practice, it is important the study of sport expertise development progresses beyond global
measures of sport involvement to look more closely at how expert athletes spend their time
during practice sessions, and how this may differ from lesser skilled athletes. Therefore, it is
recommended the DHAQ continues to address participation in specific practice types and
practice conditions, but a major restructure for the main sport practice and competition history
section is required. As already discussed, it is recommended that items within the general
involvement in main sport section relating to significant achievements and main emphasis of
participation be removed, and that all items within the same sub-section that concern
competition be relocated to the detailed competition history sub-section. Additionally, it is
recommended that items relating to practice history within the general involvement in main
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sport, conditions of practice, and types of practice sub-sections be merged into a single line of
questioning to reduce repetition and avoid respondent fatigue.
To combine the general involvement in main sport, conditions of practice, and types of
practice sub-sections, it is suggested that participation in the various conditions and types of
practice be collapsed and addressed according to the following structure: a) sport-specific
physical practice completed under group supervised, individual supervised, group unsupervised,
and individual unsupervised conditions; b) physical preparation activities (including physical
conditioning/weights, recovery techniques, and flexibility/yoga/Pilates) completed under group
supervised, individual supervised, group unsupervised, and individual unsupervised conditions;
c) mental preparation activities (including mental/psychological skills training, video
analysis/review activities, sport-related study, and watching main sport live or on television)
completed under group supervised, individual supervised, group unsupervised, and individual
unsupervised conditions; and d) sport-specific informal play completed under group
unsupervised and individual unsupervised conditions. It is expected that the proposed restructure will reduce repetition, improve clarity of definitions for each practice type, and allow
participants to combine their involvement in minor supplementary activities together, which will
hopefully lead to decreased respondent fatigue and increased response accuracy. It is imperative
that validity and reliability of recall following re-structure of this section be re-evaluated before
utilising the DHAQ in the future. Specific recommendations regarding the structure of the
competition history for main sport sub-section of the questionnaire will be provided following
presentation of validity and reliability results from the existing detailed competition history for
main sport items.
Detailed Competition History for Main Sport
Prior discussions in this chapter surrounding recall of competition involvement
highlighted the complex nature of competition scheduling and structure, and the difficulties this
creates for accurate reporting of competition information. While these complexities may have
been overlooked in the design of earlier sections of the DHAQ, the detailed competition history
section attempted to address the issue by requiring athletes to provide specific details of their
involvement in competition at various representative levels (i.e. school, club, regional, state,
national, and international).
For each year of their involvement at each representative level, participants indicated
the age group classification in which they competed (e.g. under 14 years, 14/15 years, open age
group, etc.), and for each age group classification at each representative level, they provided the
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average frequency of competitions (e.g. one per week, one per month, two per year, etc.), and
their typical level of success (e.g. won most matches/events, finalist, middle of the pack etc.).
This elicited a very comprehensive record of participants‘ competition involvement, resulting in
a large number of factors to assess for validity and reliability. Detailed results to accompany the
discussion that follows are provided in Table 12. Note that coaches were only able to comment
on their athlete‘s involvement in competition at the specific ages and level of competition for
which they worked together, so convergent validity with coaches could not be assessed for all
measures, all ages, or all representative levels.
General involvement in competition. To begin with, validity and reliability were
determined for recall of age at first involvement in competition at any representative level,
highest level of competition in which athletes participated both overall and at each age of
involvement in main sport, and age when first participated in highest level of competition
overall. Each of these measures was assessed for concurrent validity, convergent validity with
parents, and test-retest reliability, as well as internal consistency with similar items from earlier
sections of the questionnaire.
Age at first participation in competition at any representative level was classified as
very good for concurrent validity, convergent validity with parents, test-retest reliability, and
internal consistency with items from the sporting career and milestones (PA = 86.71, ICC = .77,
p < .01), general involvement in main sport (PA = 85.43, ICC = .69, p < .01), and detailed
history of involvement in main sport (PA = 90.85, ICC = .93, p < .01) sections of the DHAQ.
Similarly, highest level of competition reached throughout participants‘ careers to date received
very good classifications for concurrent validity, convergent validity with parents, test-retest
reliability, and internal consistency with the sporting career and milestones (PA = 100.00) and
general involvement in main sport (PA = 100.00) sections. Concurrent validity, convergent
validity with parents, and test-retest reliability were also very good for age when first
participated in highest level of competition, as was internal consistency with items from the
sporting career and milestones (PA = 95.37, ICC = .87, p < .01), and general involvement in
main sport (PA = 94.57, ICC = .85, p < .01) sections.
When examined on an age-by-age basis, recall for the highest level of competition
reached during each year of involvement in main sport was not as strong. Test-retest reliability
was very good or good across most ages, but concurrent validity, convergent validity with
parents, and convergent validity with coaches were all rated as moderate or poor for several
years. In addition, internal consistency with similar items from the general involvement in main
sport section of the questionnaire was mostly moderate prior to age 16, but was very good from
age 17 onward (see Table 13).
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The results for this section so far support earlier suggestions that, particularly during the
late childhood and adolescent years, athletes appear to have a very complex competition
schedule involving participation in events at a variety of different representative levels. In a
general sense, it appears as though athletes were able to consistently recall significant
competitive milestones such as age at first involvement in competition, highest level of
competition reached overall, and age at which they first participated at this representative level,
but more specific details of competition involvement on a yearly basis seem to be difficult to
recall with accuracy. The depth of information provided within this section of the DHAQ
allowed us to explore this notion more closely.
Specifically, recall of age at first participation in competition at each representative
level and whether athletes engaged in competition at each representative level across each year
of their involvement in their main sport were assessed for validity and reliability; and for years
during which athletes participated in competition at the various representative levels, recall of
the age group classification in which they participated, and the average frequency of
competitions were also examined. When asked to report their typical level of competitive
success during both the initial and retest completions of the DHAQ, many participants did not
provide a response. During interviews, participants expressed difficulty answering this question
as their success often varied between competitions. As such, validity and reliability assessments
were not conducted on responses relating to typical level of success, and it is recommended that
this item be removed from the questionnaire. Remaining results relating to participation in
competition are discussed according to representative level and the broad age group categories
of junior (i.e. restricted age group) and open (unrestricted age group) competition.
Participation in competition at the high school level. A number of athletes reported
participating in competition for their main sport at the high school level. Concurrent validity,
convergent validity with parents, and test-retest reliability for age at first participation in school
level competition were each classified as very good or good; and concurrent validity,
convergent validity with parents and test-retest reliability for whether athletes participated in
competition at the school level during each year of involvement in their main sport were also
very good or good across all ages.
During the years athletes participated in competition at the high school level, concurrent
validity, convergent validity with parents, and test-retest reliability for recall of the average
frequency of school level competitions were very good, but identification of the age group
classifications in which athletes competed was not as strong. Concurrent validity for age group
classification for competition was very good, but test-retest reliability was mostly moderate, and
convergent validity with parents was mostly poor. It appears that athletes were able to
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consistently recall whether they participated in competition at the school level, and how often
they participated in competition at this level, but recollection of the age group classifications in
which they participated was less accurate.
Participation in competition at the local club level. Almost all athletes reported
extensive competition experience at the local club level within both junior and open age group
categories. Concurrent validity for age at first participation in junior club level competition was
good, convergent validity with parents was very good, but test-retest reliability was moderate.
Concurrent validity, convergent validity with parents, and test-retest reliability for whether
athletes participated in competition at the junior club level during each year of their involvement
in their main sport were very good or good across most ages, however, concurrent validity and
convergent validity with parents were moderate to poor for ages 13-15.
Similarly, during the years athletes participated in junior club level competition,
concurrent validity, convergent validity with parents, and test-retest reliability for frequency of
competitions at this level were very good or good across most ages, with the exception of ages
13, 15, and 16 for which concurrent validity was moderate. With regards to identification of the
age group classifications in which athletes participated during each year of their involvement
this level of competition, concurrent validity and test-retest reliability for were both very good
or good for most ages, with exceptions again at ages 15 and 16, and convergent validity with
parents was also moderate or poor across several ages.
Age at first participation in open club level competition received very good or good
classifications for concurrent validity, convergent validity with parents, and test-retest
reliability, and identification of whether athletes participated in open club level competition
during each year of their involvement in their main sport was also reasonably good; convergent
validity with parents and test-retest reliability were classified as very good or good across all
ages, but concurrent validity was rated as moderate for ages 13-15 and 22-23. For the years
during which athletes participated in open club level competition, recall of the average
frequency of competitions was excellent, with concurrent validity, convergent validity with
parents, and test-retest reliability all classified as very good or good for all ages.
Results pertaining to participation in club level competition suggest that, in general,
recall of involvement in this level of competition is relatively good; however, identification of
the junior age group categories in which athletes compete at the club level were not recalled
with great consistency during the teenage years. This period corresponds to instances of
‗competing up‘ in higher age groups as well as the transition from junior to open club level
competition, so participation in multiple age group classifications during these years may be
responsible for the moderate ratings observed.
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Participation in competition at the regional level. As mentioned during discussion of
the sporting career and milestones results, regional level competition does not appear to be a
significant component of athletes‘ competition history. Only half of participants involved in this
study reported competing at the regional level, with only one participant indicating involvement
in regional competition within an open age group category. Therefore, assessment of validity
and reliability of recall for details relating to participation in regional level competition was
restricted to involvement in junior age group classifications.
Concurrent validity and test-retest reliability for age at first participation in junior
regional level competition were good, but convergent validity with parents was moderate.
Similarly, concurrent validity and test-retest reliability for whether athletes participated in junior
regional level competition during each year of their involvement in their main sport were very
good or good across all ages, but convergent validity with parents was moderate for ages 12-15.
During the years in which athletes participated in junior regional level competition, both
frequency of competitions and the age group classification in which athletes competed were
rated as having very good or good concurrent validity, convergent validity with parents, and
test-retest reliability, with just a few exceptions at several ages.
The results indicate that parent recall of involvement at this level of competition was
not consistent with athlete recall, but as discussed previously, it is likely that athletes‘ responses
regarding involvement in their main sport are more accurate than parents‘. Although athlete
recall within this section of the DHAQ was reasonably good, relatively few participants reported
engaging in competition at this level. Therefore, the recommendation stands that all items
relating to participation in competition at the regional level be removed from the questionnaire.
Participation in competition at the state level. Recall of age at first participation in
junior state level competition received classifications of very good for concurrent validity and
test-retest reliability but moderate for convergent validity with parents. Identification of whether
athletes participated in junior state level competition during each year of their involvement in
their main sport was rated as very good or good across nearly all ages for concurrent validity,
convergent validity with parents, and test-retest reliability, as was identification of the age group
classifications in which athletes competed. Frequency of competitions for this level, however,
were recalled with very low consistency, with moderate or poor classifications for concurrent
validity, convergent validity with parents, and test-retest reliability across many ages.
Recall of age at first participation in open state level competition was classified as very
good across all three validity and reliability conditions, and although test-retest reliability for
whether athletes participated in open state level competition during each year of their
involvement in their main sport was very good across all ages, concurrent validity and
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convergent validity with parents were moderate for ages 21-23. Additionally, convergent
validity with coaches for whether athletes participated in open state level competition during the
time they worked together was mixed, ranging from good to poor for ages 17-23. Similar to
junior state level competition, concurrent validity, convergent validity with parents, convergent
validity with coaches, and test-retest reliability for the average frequency of open state level
competitions were each rated moderate or poor across a range of ages.
These results suggest that athletes are relatively consistent in their recall of when they
participated in state level competition, and in which age group classifications they competed,
but are less sure of the frequency with which competitions at this level occur. It is possible that
scheduling of state level competitions may not be as regular as the school and/or club level
competitions already explored, rendering it difficult to provide an ‗average‘ frequency.
Participation in competition at the national level. For national level competition, age
at first participation in both the junior and open age group categories were recalled very
consistently, with concurrent validity, convergent validity with parents, and test-retest reliability
all rated as very good for both age groups. Similarly, identification of whether athletes
participated in national level competition during each year of their involvement in their main
sport was rated as very good or good across nearly all ages for concurrent validity, convergent
validity with parents, convergent validity with coaches, and test-retest reliability, again for both
the junior and open age group categories.
During the years athletes participated in junior national level competition, the age group
classifications in which they competed were recalled consistently, with concurrent validity,
convergent validity with coaches, and test-retest reliability all rated as very good across all
relevant ages, but convergent validity with parents received ratings of moderate or poor for
several years. As for state level competition, recall of frequency of national level competitions
for both the junior and open age group categories was mixed, with classifications for all validity
and reliability conditions ranging from very good to poor.
Once again it is apparent that convergent validity with parents was slightly lower across
all measures relating to competition involvement at the national level compared to concurrent
validity, convergent validity with coaches, and test-retest reliability. It is also evident that,
similar to state level competition, athletes were able to consistently recall the ages at which they
were involved in national level competition, but providing an average frequency of competitions
at this level was more troublesome.
Participation in competition at the international level. Finally, although several
athletes reported participating in international level competition within junior age group
categories, insufficient data were available to conduct meaningful analyses on validity and
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reliability of recall for participation in competition at this level. As such, results relating to
competition involvement at the international level are restricted to the open age group category.
Concurrent validity, convergent validity with parents, and test-retest reliability were all
very good for age at first participation in open international level competition. Identification of
whether athletes engaged in competition at the open international level during each year of their
involvement in their main sport was very good for most ages; however, convergent validity with
parents, convergent validity with coaches and test-retest reliability were moderate or poor for
ages 22-23. As was the trend for state and national level competition, identification of the
frequency with which international competitions occurred was highly inconsistent, with
concurrent validity, convergent validity with parents, convergent validity with coaches, and testretest reliability all receiving moderate to poor classifications across most ages. It is unusual that
validity and reliability of recall for participation in international level competition was slightly
lower at ages 22-23 as these represent the most recent years of involvement in main sport for
most participants. Since several athletes were under the age of 23 at the time of data collection,
the lower validity and reliability scores for these ages may reflect greater variability within a
smaller sample size than earlier years.
Combined, these results indicate that athletes were able to recall the ages at which they
participated in various representative levels of competition with acceptable validity and
reliability; however, more specific details of competition involvement were difficult to recall
consistently. When discussing details of their involvement in school and club level competition,
regular scheduling of events (typically one competition per week) allowed for consistent recall
of competition frequency, but the frequent occurrence of ‗competing up‘ and competing in
multiple age group classifications simultaneously led to difficulties identifying the age group
categories in which athletes participated. Conversely, state, national, and international level
competitions did not appear to follow a regular schedule, making it more difficult to respond to
items requesting the ‗average‘ frequency with which these competitions occurred. However, at
these higher levels of competition, athletes typically reported participating in a single age group
category, resulting in higher validity and reliability scores for identification of the age group
classifications in which they competed.
It is interesting that, once again, scores for convergent validity with parents were
consistently lower than scores for concurrent validity and test-retest reliability. Although, where
available, convergent validity with coaches was also slightly lower than concurrent validity and
test-retest reliability. While concurrent validity and test-retest reliability were relatively strong
for a number of measures, the inconsistencies between athlete, parent, and coach responses call
to question the accuracy of athlete responses.
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Given the results highlighted above, it is recommended that items concerning average
frequency of competitions be removed from the DHAQ, but identification of the ages at which
athletes participated in each of the various levels of competition be retained. Based on
suggestions arising from the general involvement in main sport and detailed history of
involvement in main sport sections of the questionnaire, it is also recommended that this section
be modified to address time involved in competition, which would require consideration of the
various formats in which competitions are structured. Due to concerns surrounding the accuracy
of athlete responses pertaining to competition involvement, it is recommended that validity and
reliability of this section of the questionnaire be re-evaluated and monitored closely.
Coaching History
Table 14 outlines validity and reliability results for items within the coaching history
section of the DHAQ. Although coaches interviewed for this study were required to provide
details of their involvement with participating athletes, this section of the questionnaire
encompassed information regarding all coaches with whom participants had trained; as such,
convergent validity with coaches was not assessed for these items.
Convergent validity with parents and test-retest reliability for total number of coaches
overall and total number of head coaches were classified as good, but concurrent validity was
poor. Validity and reliability for total number of assistant/specialist coaches was also moderate
to poor. Observations and researcher notes from athlete and parent interviews, and qualitative
examination of responses to items within this section indicate that when completing the DHAQ
athletes typically only identified coaches who they considered to be their ‗main‘ coaches (i.e.
coaches of long duration and/or coaches of great significance to the athlete). Parents also tended
to only identify several key coaches throughout athletes‘ careers. However, during athlete
interviews, following prompting from the researcher, participants frequently recalled additional
coaches with whom they trained for short periods of time. This could explain the lower
concurrent validity for total number of coaches overall and total number of head coaches
compared to convergent validity with parents and test-retest reliability.
Very few athletes reported training under the supervision of an assistant or specialist
coach. In the rare cases that assistant or specialist coaches were identified, the duration of
involvement with the coach was usually brief. Consequently, these coaches were not considered
by athletes to be among their ‗main‘ coaches, so their details were recalled with less
consistency. The low number of assistant/specialist coaches reported coupled with the relative
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insignificance of these coaches to participating athletes‘ careers could explain the lower ratings
of validity and reliability for total number of assistant and specialist coaches.
The duration of athletes‘ involvement with each coach was recalled with relatively good
consistency. Validity and reliability ratings for average duration with a coach, longest duration
with a coach, and shortest duration with a coach were mostly very good or good; the only
exception being convergent validity with parents for shortest duration with a coach, which was
classified as poor. As mentioned previously, coaches of short duration were often not identified
by parents, contributing to this lower classification. It appears that when asked to identify the
coaches under which they have trained, athletes were able to consistently recall details of their
involvement with coaches who have been integral to their career, but do not necessarily mention
coaches who have made more minor contributions to their development.
Considering the inability of the DHAQ to elicit complete coaching history information,
it is recommended that this section be removed. The role coaches play in the development of
sport expertise is complex and the current items within the DHAQ do not sufficiently explore
the contribution of coaching to expert performance. Rather than modify and extend the DHAQ
to gather more detailed information about coaching history, it is recommended that questions
regarding associations between coaching and sport expertise be reserved for more specific
investigations in the future.
Support Services
Validity and reliability of recall for information concerning participants‘ access to, and
utilisation of, a variety of support services is detailed in Table 15. Insufficient data were
available to assess validity and reliability of recall for strength and conditioning, skill
acquisition, or career and education services, as few participants reporting having access to
these specialists; however, details regarding recall of accessibility and utilisation of medicine,
physiotherapy, massage therapy, psychology, nutrition, physiology, biomechanics, and
performance analysis services are provided. Athletes were also asked to identify any additional
services to which they had access throughout their sporting careers, but no further support
services were discussed.
During completion of the questionnaires and interviews, participants identified ages at
which they had access to each of the above mentioned support services, along with ages at
which they utilised each service. The total number of years for which support services were
accessible and utilised was calculated post-hoc to assist with validity and reliability
investigations. Although coaches were required to identify the support services available to
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athletes during the time training together, they were unable to comment on the age at which
participants‘ first had access to each service, first utilised each service, or how many years they
had access to and utilised these services in total. As such, convergent validity with coaches was
not assessed for this section.
Overall, the age at which support services became accessible to participants was
recalled with very good consistency by both athletes and parents, as was the age at which
participants first began to utilise support services. Athletes were also consistent in their
identification of how many support services were accessible and utilised throughout their career
to date; however, convergent validity with parents for total number of support services
accessible to athletes throughout their career was poor.
Looking more closely at recall for accessibility and utilisation of specific support
services, validity and reliability classifications ranged from very good to poor. Test-retest
reliability was very good or good for almost all support services, but concurrent validity and
convergent validity with parents were highly variable. It is understandable that parents may not
be aware of all support services available to athletes, particularly if athletes do not utilise the
available services and/or if they have moved away from the family home. Therefore, the
relatively low convergent validity with parents for this section is not surprising. The moderate to
poor concurrent validity is, however, more problematic. Reasons for the strong test-retest
reliability but moderate concurrent validity for items within this section are unclear, especially
considering the interview procedures involved completion of a very similar table to that
incorporated in the DHAQ.
In view of the inconsistent reporting of information relating to accessibility and
utilisation of support services, it is recommended that this section be removed from the DHAQ.
Future investigations wishing to explore associations between the provision of support services
and sport expertise development should seek alternative methods for gathering these data.
Injury, Illness, and Time Off
Table 16 provides validity and reliability statistics for the total number of chronic
injuries, acute injuries, and illnesses experienced by athletes throughout their careers, and the
total number of days affected by injury and illness. The total number of days affected by injury
and illness is also broken down according to the total number of days completely unable to
participate in sport, total number of days on reduced training load, and total number of
competitions missed. Additionally, validity and reliability statistics are provided for the total
number of periods in which athletes took a break away from their main sport due to reasons
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other than injury or illness, along with the total number of days away from both practice and
competition during these periods. As was the case for support services, coaches were required to
provide details of any injuries, illnesses, and periods away from the sport experienced by
athletes during the time they trained together; however, as the presented validity and reliability
statistics are an aggregate of all injuries, illnesses, and time away from sport across athletes‘
complete careers, convergent validity with coaches for these measures could not be assessed.
Combining details of all injuries and illnesses together, concurrent validity was good for
all measures, test-retest reliability was good for all measures except number of competitions
missed, and convergent validity with parents was moderate to poor. Looking at acute injuries,
chronic injuries, and illnesses separately, it appears that athletes and parents were able to recall
details of illnesses very consistently, but details of acute and chronic injuries were recalled with
less certainty. Chronic injuries seem to be more memorable than acute injuries, as concurrent
validity and test-retest reliability were very good or good for all measures relating to chronic
injuries, whereas several measures relating to acute injuries received poor classifications for
concurrent validity and test-retest reliability. Convergent validity with parents was slightly
stronger for chronic injuries than acute injuries, although most measures received poor ratings
for this comparison. Regarding periods of time away from sport due to reasons other than injury
or illness, concurrent validity was good, convergent validity with parents was poor, and testretest reliability produced mixed results.
Although athletes were able to recall details of chronic injuries and illnesses with
relatively good consistency, their recall of acute injuries and periods away from sport was more
variable. Additionally, convergent validity with parents was poor for the majority of measures.
It is probable that athletes‘ recall of information concerning injuries, illnesses, and time off is
more accurate than parents, as these events and their consequences are likely to be more
significant to the athlete than their parents. Therefore, the low convergent validity with parents
is not of great concern, but the poor concurrent validity and test-retest reliability for several
items relating to acute injuries and periods away from sport is troublesome. Several athletes also
expressed uncertainty and vagueness regarding items within this section during participation in
the interview procedures.
The primary reason for including this section in the DHAQ was to adjust reports of time
in practice and competition activities according to periods during which athletes‘ ‗average‘
schedule may have been disrupted. During the interviews however, it was apparent that when
reporting details of their practice and competition history, most participants automatically
accounted for altered training loads due to significant injuries, illnesses, and time off, even
without prompting from the researcher. This section may therefore be redundant; although, the
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secondary reason for its inclusion was to explore relationships between injuries, illnesses, and
periods away from sport with factors including performance, stage of development, and
utilisation of support services. However, considering the slightly inconsistent recall of details
relating to injuries, illness, and time off, it is suggested that investigations of these associations
may not produce trustworthy results.
Given the inconsistent recall for several items, noted redundancy, and negative
participant feedback, it is recommended that this section be removed from the DHAQ. While
the occurrence of injuries and illnesses may significantly impact athletic careers, the DHAQ
does not appear to be an appropriate tool to explore the influence of injuries, illnesses, and time
off on sport expertise development.
General Discussion
This study aimed to establish validity and reliability of the DHAQ, a new tool for the
collection of athlete developmental history information. In contrast to the measurement tools
utilised for collecting athlete developmental history data in the majority of previous
investigations, validity and reliability was scrutinised for every item within the DHAQ, rather
than just a small selection. Overall, validity and reliability results were mixed. While many
items were classified as having acceptable validity and reliability for retention in the
questionnaire, other items were recalled with such poor consistency that they are recommended
for removal. In addition, several items that did not meet validity and reliability standards but
were considered of critical importance to the study of sport expertise development were
suggested to undergo major revisions and be reassessed for validity and reliability before using
the DHAQ in future investigations.
In addition to the specific findings already discussed within each section of the
questionnaire, a number of general observations regarding validity and reliability of
retrospective recall are particularly noteworthy. First, our rigorous approach to establishing
trustworthiness of information collected by the DHAQ highlighted that validity and reliability
checks incorporated within previous investigations of sport expertise development may not have
been detailed enough to be certain of recall accuracy.
For example, validity and reliability assessments involving measures of total cumulative
hours of involvement in practice activities over a given period of time may be misleading, as on
several occasions, validity and reliability classifications for total cumulative hours were very
good or good, despite moderate or poor validity/reliability for hours per year across the majority
of ages. This is likely due to differing magnitudes of the values involved in each assessment.
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Since PA was adopted as the primary measure of validity and reliability, the 20% error margin
associated with a very good classification provides a more generous range of variability
acceptability during assessments involving large values compared to smaller values.
Consistency of recall for hours of involvement in practice activities per year of involvement is
imperative when analysing skill level differences in practice history profiles at various ages and
stages of athletes‘ careers, and also when assessing changes in practice involvement over time.
Therefore, validity and reliability of recall for hours of participation per year, and wherever
possible, hours per week should be established instead of, or as well as, validity and reliability
of recall for total cumulative hours of involvement.
Similarly, when assessing validity and reliability of recall for number of organised
sports, playful sporting games, and/or practice activities in which athletes have engaged, it is
essential to compare the lists of activities provided during each test occasion and examine
congruence first. Consistency of recall for the number of other sporting or practice activities in
which athletes have participated is meaningless if the specific types of activities identified vary
from one data collection occasion to the next; as was the case in the present study within both
the organised sport practice history and informal, playful sporting game sections.
Furthermore, our results highlighted considerable variability in consistency of recall
between different sections of the questionnaire, and also between different items within the
same section. Previous studies of sport expertise development have typically assessed validity
and reliability of recall for several items within their measurement tool, and assumed acceptable
accuracy across all remaining items. This finding emphasises the importance of assessing
validity and reliability for all items within developmental history questionnaires and interview
guides, rather than a select few. Therefore, when constructing novel instruments in the future,
researchers should attempt to be more thorough in their assessments of validity and reliability.
Alternatively, existing measurement instruments with established validity and reliability, such
as the DHAQ, could be utilised to ensure confidence in accuracy of recall, and also to allow
more direct comparisons of findings between investigations.
Another general trend observed throughout this study was that the teenage years
appeared to be a particularly complex phase of athlete development, resulting in comparatively
weaker validity and reliability ratings for many items than during the initial introductory and
later adult years of involvement. Prior to age 11, athletes‘ participation in their main sport
typically involved small amounts of sport specific physical practice completed in a group under
the direct supervision of a coach, and competition at the local club level. The relative simplicity
of this phase resulted in reasonably good consistency of recall. Between ages 11 and 17, athletes
reported participating in several additional practice activities, and started to engage in
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competition at the regional, state, and national levels of competition, often within both junior
and open age group categories. Additionally, during these years, athletes were often
participating in several other organised sports, and were likely balancing school and non-sport
related extra-curricular and social activities as well. Consequently, details of involvement in
main sport, other organised sports, and informal sporting play during this busy time were not
remembered clearly, leading to less consistent recall and lower ratings of validity and reliability.
Following the teenage years, the volume and variety of practice activities in which
athletes participated tended to increase, but competitions appeared to occur less frequently due
to a reduction in the number of competitive levels and age group categories in which they were
involved, plus, participation in other organised sports typically ceased. By this age athletes had
often committed to the goal of becoming an elite athlete, and sport had become the focus of
their attention. As a result of the less complex competition schedule and increased importance
of their main sport during this phase, it is likely athletes‘ involvement became more stable and a
more significant component of their everyday lives. These factors, along with the closer
proximity of these years to the present, could have facilitated more accurate recall, leading to
improved validity and reliability of responses.
Interestingly, these phases align with those outlined in the DMSP (Côté & FraserThomas, 2007). The initial introductory phase described above corresponds to the sampling
years of the DMSP, while the demanding teenage period corresponds to the specialising years.
The final phase during adulthood, characterised by increased commitment to main sport, is
reflective of the DMSP‘s investment years. Thus, the sampling years seem to represent a highly
variable period of sport involvement, resulting in less consistent recall of details of participation
during this time. Therefore, information pertaining to athlete developmental histories during the
teenage years should be interpreted with caution.
One final broad observation from this phase of the investigation pertains to the
specificity of information able to be recalled consistently. General information such as age at
first participation in various sporting activities, most significant achievement to date, and overall
hours of practice per week tend to be recalled quite consistently. However, the more specific the
requirements of the question, for example, levels of competition and age group classifications
participated in at each age, and involvement in particular types of practice, the less certain
responses become. While this finding may be somewhat intuitive, it also limits our capacity to
fully understand the sport participation profiles associated with expertise development. While
general trends and patterns of participation are important to understand, knowledge of more
specific details such as practice composition and competition scheduling would allow for more
precise recommendations regarding optimal conditions for the development of sport expertise.
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In order to continue to advance this field of study, researchers should endeavour to explore
methods for more accurate collection of specific details of sport involvement, for example
completion of detailed training diaries or longitudinal tracking.
Two main findings of this study were particularly surprising given the previous research
in this area. The relatively low validity and reliability of recall for participation in other
organised sports and informal, playful sporting games was not predicted since these factors are
thought to be strongly associated with sport expertise development (see Baker, 2003 and Côté,
Lidor, and Hackfort, 2009 for reviews). Although possible reasons for these results have already
been discussed, it is necessary to reinforce the potential for low accuracy of recall for this
information considering the attention diversification, specialisation, and deliberate play have
received in the sport expertise literature. This is not to say that participation in a variety of
sports and informal sporting games is not important or related to the development of sport
expertise, but rather to highlight the precision with which this information is recalled may be
questionable; and greater attention ought to be paid to the assessment of validity and reliability
for recall of involvement in these activities.
Additionally, the relatively low convergent validity with parents was unexpected since
many studies have incorporated parent interviews as a key indicator of data trustworthiness
(Baker et al. 2003a; Baker et al., 2003b; Berry et al., 2008; Côté, 1999, Côté et al., 2005;
Durand-Bush & Salmela, 2002; Law et al., 2007; Oldenziel et al., 2003; Soberlak & Côté,
2003). Our results suggest that while parents may be suitable sources for validating
demographic, residential, and familial information, they may not be appropriate for validating
practice history details, including involvement in main sport, other organised sports, and
informal, playful sporting games. Oldenziel et al.

(2003), also observed relatively low

convergent validity with parents for a number of items within their National Athlete
Development Survey, citing a variety of potential reasons behind the inconsistencies including
insufficient understanding of questions by athletes and/or parents, different interpretations of
questions, different definitions, for example, of what constitutes training, and insufficient
knowledge to accurately answer some questions. Each of these factors is also possible within
the current study. Although coaches may be an apt substitute for validating information
pertaining to participation in main sport, at least for the years during which they were involved
with the athlete, more objective records such as training diaries, official competition programs
and results guides, news items, photographs, and mementos ought to be consulted wherever
possible to consolidate participants‘ memories, and confirm as many details as possible.
A number of methodological considerations are also pertinent to this discussion. As
noted earlier in greater depth, several items within the DHAQ were not sufficiently detailed
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and/or optimally structured to facilitate accurate recall of developmental history information. As
such, a number of recommendations have been made to improve the robustness of the DHAQ.
During modification of the DHAQ it is important to ensure that all directions, examples, and
response options are very specific, as this will lead to greater understanding of requirements,
improved ease of completion, and more valid, reliable results. Related to improving response
quality, while redundant items built into the questionnaire allowed for the assessment of internal
consistency, the repetitive nature of these items appeared to be frustrating for participants, and
may have been detrimental to the accurate completion of the questionnaire. It is recommended
that the number of redundant items be reduced to ensure participant satisfaction and diligent
reporting of information. Given the extent of the suggested modifications to the DHAQ, it is
essential that the updated version undergo additional validity and reliability checks to ensure all
modified and new items do, in fact, elicit consistent recall.
As further validity and reliability investigations are required to ensure the
trustworthiness of the DHAQ, it is recommended that a more diverse participant sample be
employed so the findings regarding the psychometrics of the DHAQ can be generalised to a
wider population than was involved in the current study. As only 15Australian national and
international level swimmers and field hockey players were recruited for participation in this
investigation, it could be argued that the results obtained are applicable only to Australian
athletes of national and international calibre, in these specific sports. Therefore, future
investigations of the validity and reliability of the DHAQ should seek to recruit athletes from a
variety of sports, and a range of skill levels so it can be determined whether the measurement
tool is suitable for use with a broader range of participants.
Despite the unexpected findings and methodological limitations apparent in this
investigation, perhaps the greatest contribution of this study to the sport expertise literature is
the proposed methodology and taxonomy for establishing trustworthiness of data collected via
retrospective recall. Not only does the calculation of PAs and ICCs result in more appropriate
assessments of response consistency than the more common Pearson correlation coefficients,
the integration of PA and ICC statistics into an explicit classification system ensures uniform
interpretation of validity and reliability results, and provides a standard to which future
investigations can adhere. Given the lack of firm criteria for assessing validity and reliability of
retrospective recall data, and indeed the interpretation of PA and ICC statistics in isolation, the
proposed methodology and taxonomy is a great strength of this study. Furthermore, the
classification system could easily be adapted for use in investigations involving retrospective
recall techniques in domains outside of expertise and skilled performance, including, but not
limited to, examination of health behaviours and participation in physical activity.
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Summary and Conclusions
This study highlighted a number of issues relating to the validity and reliability of
retrospective recall for athlete developmental history information. As a result, a number of
modifications are required before the DHAQ is suitable for use in hypothesis testing
investigations pertaining to the development of sport expertise. A summary of the suggested
modifications is outlined below.
Items within the sporting career and milestones section were generally recalled with
very good consistency, and only minor modifications are suggested. Items relating to
participation in regional level competition and career stages and transitions are recommended
for removal, however all other items may be retained.
Family characteristics were also recalled consistently, with the exception of parental
occupations. This item should therefore be replaced with an indication of the highest level of
education each parent completed. Recall for frequency of familial participation in sport and
physical activity was relatively poor, however items within this section were found to be
insufficiently detailed to elicit accurate responses. It is therefore recommended that this section
be updated with more specific lines of questioning and response options.
Ages and locations of places of residence in which participants lived for extended
periods of time were recalled consistently, but validity and reliability ratings for residences of
shorter duration were slightly lower. Since short duration residences were usually within close
geographical proximity to extended duration residences, it is recommended that this line of
questioning be modified to collect information pertaining to each city/town of residence rather
than each individual home. Furthermore, identification of whom participants lived with at each
place of residence proved to be troublesome during the adult years, as it was sometimes difficult
to classify co-habitants into specific categories. As such, this item is recommended for removal.
Recall of details of participation in other organised sports and informal, playful sporting
games was generally quite poor; however, given the emphasis on these factors as considerable
contributors to the development of sport expertise, it is recommended these sections be retained
in the DHAQ, with the caveat that related results be interpreted cautiously. While no
modifications are suggested for the organised sport practice history section, it is recommended
that the participation in informal, playful sporting games section be updated to collect a list of
all informal, playful sporting games in which participants engaged on a regular basis, but
require only general indications of total hours involved in sporting play overall, rather than
estimates of time involved in each individual activity. Furthermore, items relating to whom
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participants typically engaged in sporting play with, and where these games were usually
played, are recommended for complete removal.
Regarding recall of information relating to participation in main sport, athletes and
coaches were very consistent in their recall of general involvement in main sport, but
convergent validity with parents was slightly weaker. Age at first participation in practice and
competition overall, age at first participation in various conditions/types of practice and various
levels of competition, and overall hours of involvement in main sport per year of involvement
were recalled reasonably consistently, but most significant achievement and main reason for
participation during each year of involvement were recalled quite poorly, prompting
recommended removal of these items from the questionnaire. Athletes were able to consistently
recall their involvement in supervised practice activities, however validity and reliability of
recall for unsupervised activities was not as good. Similarly, athletes could consistently recall
their involvement in sport-specific physical practice, physical conditioning/weights, and video
analysis/review activities, but participation in additional supplementary practice types such as
mental/psychological skills training, sport-related study, and recovery techniques appeared to be
more sporadic and more difficult to recall with consistency.
Specific details of involvement in competition, for example, competitive levels and age
group categories participated in during each year of involvement, frequency of competitions,
and time engaged in competition activities, were recalled quite poorly; however, it became clear
throughout data collection that the DHAQ did not adequately cater to the complexity of
competition involvement so it is expected that recall will improve following major
modifications to this section. Recommended modifications to the detailed competition history
section include: a) removal of all items concerning frequency of competitions; b) division of
competition involvement into regular season, occasional, and tournament format competitions;
and c) separation of time involved in competition into time spent actively engaged in the event,
and time at the competition venue but not physically competing.
Furthermore, it is recommended that the general involvement in main sport, conditions
of practice, and types of practice sections be combined into a single detailed practice history for
main sport section, encompassing involvement in sport-specific physical practice, physical
preparation activities, mental preparation activities, and sport-specific play, each under
supervised and unsupervised conditions, in both group and individual settings.
Validity and reliability of recall for items within the coaching history, support services,
and injury, illness, and time off sections was mixed, with classifications ranging from very good
to poor. While recall for many items within these sections was sufficient to warrant inclusion in
the DHAQ for future investigations, it was deemed that each of these potential influences on
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sport expertise development deserved greater attention to detail than was currently received
within the questionnaire. Rather than extend the DHAQ to address these areas more closely, it is
recommended that the coaching history, support services, and injury, illness, and time off
sections be removed from the questionnaire and reserved for more specific investigations in the
future.
This phase of the investigation sought to establish the validity and reliability of the
DHAQ. Through the development of a stringent methodology and taxonomy for assessing
validity and reliability of retrospective recall, each item was clearly classified as being suitable
for retention, recommended for removal, or in need of modification. Given the large number of
revisions required for the DHAQ to be suitable for use in large scale examinations of long-term
athlete development, reassessment of reliability of the questionnaire is recommended following
implementation of the suggested modifications.
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Study Phase Three: Modification and Online Conversion of the
Developmental History of Athletes Questionnaire
This chapter outlines amendments to the DHAQ based on the results and recommendations of
the initial validity and reliability assessments. Details of all revisions, along with an updated
outline of the structure and content of the DHAQ are provided. Moreover, this chapter
describes the conversion of the DHAQ from a paper-based questionnaire to an online format.
Benefits and limitations of web-based measurement tools are discussed.

109

110

Results of the initial validity and reliability assessment of the DHAQ highlighted some
important modifications required for the questionnaire to be suitable for use in hypothesis
testing investigations related to the development of sport expertise. In his book on questionnaire
design, Oppenheim (1992) indicated ―qu
estionnaires have to be composed and tried out,
improved and tried out again, often several times over, until we are certain that they can do the
job for which they are needed‖. Oppenheim (1992) further suggested that this piloting process
should address item relevance, wording, order, and layout, as well as administrative and
analysis procedures. Question wording, type, and order were also highlighted as fundamental
issues in questionnaire design by Murray (1999); and assessment of validity and reliability, item
amendment and reduction, and measure reassessment have been outlined as key steps within the
questionnaire design process by Hinkin (1998) and Rattray and Jones (2007). Each of these
critical components of questionnaire design was addressed during the modification process for
the DHAQ, as outlined in detail below.
The first step of the modification of the DHAQ was eliminating all items that had
insufficient validity/reliability ratings, and/or were considered unsuitable for retention in the
measurement tool. This led to the deletion of the coaching history, support services, and injury,
illness, and time off sections of the questionnaire, as well as several items within the sporting
career and milestones, places of residence, and participation in informal, playful sporting games
sections. Second, alterations were made to sections deemed to have sub-optimal item structure,
including reconfiguration of the participation in informal, playful sporting games, and main
sport practice and competition history sections, and adaptation of several items within the
family characteristics and participation in sport and physical activity section.
Finally, the sections of the DHAQ were reordered to improve the flow of questioning
and ensure that items requiring the most detailed responses were completed during early phases
of participation when attentional focus is likely to be greatest. This was an important
consideration since aversion to continue, distractibility, and mental fatigue have been shown to
increase, and performance shown to decrease, with increasing time on task (Boksem, Meijman,
& Lorist, 2005). It was expected that these negative effects would be minimised if the final
stages of the questionnaire could be completely quickly and easily, with minimal cognitive
effort. A summary of the updated DHAQ is below, outlining changes from the original version,
and a complete version of the revised questionnaire is provided in Appendix G.
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1. Demographic Information
This section remained relatively unchanged from the original DHAQ, collecting basic
demographic details including sex, date of birth, main country of residence, and highest level of
education completed.
2. Sporting Career
The sporting career and milestones section of the original DHAQ was divided into two
separate sections within the updated DHAQ. Similar to the original DHAQ, the restructured
sporting career section required respondents to indicate their main sport, highest level of
competition reached to date, and whether they had reached the peak of their career.
Newly added to the modified version, participants who had reached the peak of their
career estimated the age when they reached their peak, and indicated whether they were still
participating in practice and competition activities. If participation in practice and/or
competition activities had ceased, ages of cessation of participation in these activities were
provided. Participants who had not reached the peak of their career predicted the age at which
they thought they might reach their peak, and the highest level of competition at which they
realistically expected to participate for their main sport. More detailed information regarding
career peak was included within the updated DHAQ to gain a greater understanding of each
athlete‘s current situation in relation to their full or predicted career span. Following review of
the initial questionnaire, it was apparent that such information was absent, yet would assist in
the identification of athletes‘ current stage of development.
3. Sporting Milestones
Similar to the original version of the questionnaire, this section required athletes to
indicate the ages at which they reached various sporting milestones including first participation
in main sport in any format, regular supervised practice for main sport, regular unsupervised
practice for main sport, non sport-specific practice activities, and off-season or year-round
training. Athletes also identified the age when they stopped involvement in all other sports to
concentrate on their main sport, first developed the idea of becoming an elite athlete, made a
conscious decision to become an elite athlete, noticed that all leisure time was spent on activities
relating to main sport, first moved house for reasons relating to main sport, and first established
a close and extended relationship with a coach for their main sport.
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A timeline of progression through the various levels of competition was then provided
through indication of the age at which athletes first participated, started to make competition
finals, started to place in the top three, and started to place first at the local, state/provincial,
national, and international levels for individual sports, or when they first participated, became a
regular starting player, became one of the top five players on a team, became the best player for
their position on a team, and became the best player overall on a team at each of the
representative levels for team sports. These competitive milestones were collected for
participation in both the junior and open age group categories for all representative levels.
4. Representative History
Sections four, five, and six of the updated DHAQ were the result of major modifications
to the main sport practice and competition history section of the original DHAQ. In this
restructured representative history section, participants provided details of the representative
levels and age categories in which they participated for each year of involvement in their main
sport. To facilitate clear recall, the section was structured according to representative level. That
is, athletes indicated the ages at which they participated in competition against others within the
local area, and the age group categories in which they competed. This process was repeated for
competition at each of the state/provincial, national, and international levels of competition,
giving a clear indication of the ages at which participants were involved at each of the
representative levels, and highlighting any times at which athletes may have ‗competed up‘ in a
higher age group than expected for their age. This information provides valuable insight into
athletes‘ involvement in competition, and the timeline and pathway of progression through
representative levels.
5. Practice History
The general involvement in main sport, conditions of practice, and types of practice
sections from the original DHAQ were combined into a single practice history section for the
updated DHAQ. Within this section, participants indicated the ages at which they participated in
the following practice activities for their main sport: a) sport-specific physical practice
completed with others under the direct supervision of a coach, one-on-one with a coach, with
others but without a coach, and on their own; b) physical preparation activities completed with
others under the direct supervision of a coach/specialised instructor, one-on-one with a
coach/specialised instructor, with others but without a coach/specialised instructor, and on their
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own; c) mental preparation activities completed with others under the direct supervision of a
coach/specialised instructor, one-on-one with a coach/specialised instructor, with others but
without a coach/specialised instructor, and on their own; and d) sport-specific play completed
with others and on their own. For each age of participation in each practice activity, athletes
provided the average number of hours per week and total number of months per year they were
engaged in the activity. Participants also indicated the ages at which they participated in training
camps for their main sport, as well as the total number of camps attended each year, and the
average duration of each camp.
6. Competition History
Following recommendations from initial validity and reliability assessments of the
DHAQ, the competition history section of the updated DHAQ was reorganised to address
involvement in regular season competitions, occasional competitions, and tournament format
competitions separately. For each year of involvement in regular season competitions (i.e.,
regularly occurring events/matches), participants identified the number of months in the season,
average number of events/matches per month, average time spent at the competition venue each
event/match, and average time actively participating in competition during each event/match.
For each year of involvement in occasional competitions (i.e., single day competitions occurring
less often than once per month), participants indicated the total number of occasional
competitions in which they participated, the average number of events/matches per occasional
competition, average time spent at the competition venue on each day of occasional
competition, and average time spent actively competing during each day of occasional
competition. Finally, for each year of involvement in tournament format competitions (i.e.,
competitions held over two or more consecutive days), athletes reported the total number of
tournaments in which they participated, average number of events/matches per tournament,
average time spent at the competition venue each event/match, and average time actively
participating in competition during each event/match. These measures allowed calculation of the
total number of events in which athletes competed and the total number of hours involved in
competition activities per year of participation in their main sport, while at the same time
allowing athletes to be more precise in their descriptions of competition involvement by
addressing each type of competition separately.

114

7. Participation in other organised sports
This section remained unchanged from the original DHAQ. Participants listed all
organised sports they participated in (other than their main sport), and for each year of
involvement in each sport, they provided the total number of months per year and average
number of hours per week engaged in all practice and competition activities combined, along
with the highest level of competition reached.
8. Participation in informal playful sporting games
Validity and reliability of information obtained from this section of the questionnaire
during initial assessments was generally poor. In an attempt to improve recall of involvement in
these activities, this section was modified for the updated DHAQ. Participants first provided a
list of all informal playful sporting games they typically engaged in. Then, instead of providing
estimates of time involved in each sporting game separately, for each age they regularly
participated in informal sporting play, athletes estimated the total number of hours per week and
months per year they engaged in sporting play overall, combining involvement in all informal
sporting games together.
To gain an understanding of the activities in which participants engaged most often,
athletes were required to identify the two sporting games they participated in most frequently,
and then estimated the percentage of total play time devoted to each of these two games. Items
concerning whom participants played these informal sporting games with and where were
removed from this version of the DHAQ.
9. Family
The section of the updated DHAQ relating to familial characteristics and participation
in sport and physical activity incorporated several minor changes from the original version. For
each member of their immediate family, participants provided date of birth, main country of
residence, highest level of education, and the ages they lived together. The sex of each sibling
was also collected. Athletes then indicated the frequency with which each family member
participated in general fitness activities, recreational sport, and competitive sport during the time
living together, as well as a list of all competitive sports each family member participated in
during any time in their lives, and the highest level of competition reached for each sport.
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Information was collected for biological parents as well as step-parents and/or other legal
guardians, along with full-, half-, step-, and adoptive- siblings.
10. Places of Residence
The original DHAQ required participants to provide information relating to each home
in which they had lived. The updated DHAQ required participants to instead identify each
town/city in which they had lived. Athletes first provided the location of their birthplace, then
for each subsequent town/city in which they lived, participants indicated the age at which they
moved, and the reason for their relocation. The item pertaining to whom participants lived with
at each location was not retained in the updated DHAQ.
General modifications to the updated DHAQ intended to increase the quality of
information elicited included: a) enhanced detail and specificity within item descriptions,
including examples, to improve clarity and maximise participant understanding; b) replacement
of open-ended responses with clear response options to improve uniformity of responses and aid
comparison of results between participants; and c) addition of comment boxes for participants to
provide additional details where necessary. It was expected these modifications would result in
improved validity and reliability of the revised DHAQ relative to the original version.
Following modification, the DHAQ was converted to an online format. With the
exception of a recent investigation by Moesch et al. (2011), studies of sport expertise
development have typically involved interviews or paper-based questionnaires; however, webbased surveys have a number of advantages over traditional data collection methods, including
increased reach, rapid distribution and response times, and automated data entry and analysis
procedures (Duffy, 2002; van Selm & Jankowski, 2006; Wyatt, 2000). Online questionnaires
also allow participants to complete their responses at a time and location of their choosing, and
interactive feed-forward programming can direct respondents to the next applicable item,
allowing convenient, customised completion (van Selm & Jankowski, 2006; Wyatt, 2000).
Furthermore, online questionnaires can be updated quickly and easily, and reminder, follow-up,
and/or thank you notices can be distributed automatically (van Gelder, Bretveld & Roeleveld,
2010; Wyatt, 2000).
Despite these benefits, web-based questionnaires have several limitations; most notably,
participants must be computer literate and have access to the Internet. Additionally, completion
conditions are non-standardised, and researchers are unable to observe participants during data
collection to evaluate their understanding of questionnaire items, focus, and fatigue (Duffy,
2002; Manfreda, Batagelj, & Vehovar, 2006). Web-based questionnaires are also known to have
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lower response rates than email- and mail-based unsupervised data collection methods (Duffy,
2002; Manfreda et al., 2006; van Gelder et al., 2010; van Selm & Jankowski, 2006).
Since the DHAQ was intended for administration to large populations in multiple
locations, the benefits of online data collection were considered to outweigh the limitations, so
the questionnaire was converted to a web-based format. To overcome some of the limitations
outlined, data collection sessions involving supervised completion of the online tool could be
conducted; and a paper-based version of the updated DHAQ could be produced in cases where
Internet access is not available or online completion is not convenient.
The online DHAQ was created using SurveyMonkey, a web-based questionnaire
development and management service (http://www.surveymonkey.com). Items were constructed
using the survey design tools, incorporating a selection of multiple choice, matrix of choices,
matrix of drop-down menus, and text box response types. Key words and phrases within
questions were emphasised using a combination of bold, italic, and underlined text, and page
breaks were inserted at logical points to minimise the degree of scrolling required on each page.
Where appropriate, question logic was applied to direct participants to the next applicable item
based upon their response. For example, if a participant indicated they did not have any siblings,
all items regarding sibling characteristics and participation in sport and physical activity were
automatically skipped, and the respondent was directed to the next section. A progress bar was
inserted on each page to provide an indication of completion status, and an automatic save
feature was applied to ensure all responses are saved upon progression to a new page.
Participants were able, however, to browse back through completed pages and edit previous
responses if necessary.
The online DHAQ has potential to be access-controlled and password protected. Upon
activation of these security measures, access to the questionnaire can be gained via a
personalised email containing a hyperlink to the DHAQ and a participant identification code,
which doubles as the access password. Each hyperlink can be uniquely associated with the
respondent‘s email address, so in the event a registered participant forwards their email
containing the hyperlink to an unregistered participant, the unregistered participant would
receive an error message upon attempt to access the questionnaire. These security features can
assist participant screening procedures, minimise the risk of participants completing the
questionnaire multiple times, and also allow respondents to pause their participation at any stage
and return to the questionnaire at a later time point, as clicking on the personalised hyperlink in
the email would direct them to the page upon which they exited during the previous visit. The
access-control features also allow for automatic monitoring of completion status, as periodic
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reminder emails can be distributed to non-responders and partial-responders, and thank you
emails can be distributed to participants who complete the questionnaire in its entirety.
A negative aspect of the access-control feature is that participants‘ responses can be
traced to their email address. To maximise anonymity and confidentiality in this situation, only
the lead researcher should have access to the server and database containing email addresses,
and all responses should be immediately transferred to an external database for storage and
analyses. The external database should contain only alphanumeric identification codes to
distinguish between participants. When access-control and password security features are not
activated, anonymous access to the questionnaire can be obtained via a public URL.
Given the large number of modifications and online conversion of the DHAQ,
reassessment of the reliability of the instrument is required to ensure the trustworthiness of the
updated measurement tool. Moreover, it is recommended that a diverse sample of participants
including athletes from a variety of sports and a range of skill levels be recruited during the next
phase of reliability testing to allow for greater generalisability of findings and recommendations
relating to continued use of the DHAQ.
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Study Phase Four: Reassessment of Test-Retest Reliability of the
Developmental History of Athletes Questionnaire
This chapter describes the final study phase, which aimed to reassess test-retest reliability of the
updated, online DHAQ. Procedures and results are discussed in detail, and further
modifications are recommended for the DHAQ to be suitable for use in large scale
examinations of athlete development.
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Methodology

Participants
Participants involved in this phase of investigation included 20 athletes from Australia
(n = 13) and Canada (n = 7), none of whom were involved in the initial assessment of validity
and reliability of the DHAQ. Athletes were male (n = 6) and female (n = 14), aged 15-38 years
(M = 24.33; SD = 6.80), and were current (n = 17) or former (n = 3) participants in Australian
rules football (n = 1), baseball (n = 1), basketball (n = 2), disc sports (n = 1), diving (n = 2),
soccer (n = 2), gymnastics (n = 1), netball (n = 1), swimming (n = 3), track and field (n = 3),
triathlon (n = 2) and volleyball (n = 1). The highest levels of competition at which athletes
participated for their main sport were relatively balanced across the local to international levels.
Participants were recruited via advertisements placed on sporting organisation websites, social
media pages, and newsletters, inviting athletes of all skill levels to participate in an investigation
of factors associated with the development of sport expertise. Ethical approval was obtained
prior to participant recruitment (see Appendix H), and informed consent was received from all
athletes (see Appendix I). Parental consent was obtained for participants under 18 years of age.
Research Design
This study involved a repeated measures test-retest design, whereby participants
completed the same procedures on two occasions. Since the DHAQ requires participants to
retrospectively recall details of their past involvement in sport and physical activity, responses
should remain constant over time. Therefore, a test-retest design allows for assessment of how
consistently athletes answer the same questions on separate occasions, reflecting the ability of
participants to accurately recall various characteristics of their sporting history, as well as the
capacity of the measurement tool to elicit repeatable responses.
Measures
All items within all sections of the DHAQ, as described in study phase three, were
subjected to test-retest reliability analyses. Consistency of responses between test occasions was
the primary measure of interest, rather than examination of responses in the context of sport
expertise development (i.e., reliability rather than construct validity). Following confirmation of
test-retest reliability of the updated online DHAQ, responses may be utilised for hypothesis

121

testing investigations related to the development of sport expertise; however, the focus of the
current study is limited to establishing test-retest reliability of the measurement tool.
Procedures
All participants completed the online DHAQ on two separate occasions. On each
occasion, the questionnaire was completed unsupervised at a time and location of the
participants‘ choosing. Access-control and password protection security features were activated
on the DHAQ, so to complete the questionnaire, athletes were first emailed an information
package and consent form, and were alerted to check their email for a subsequent message
containing a hyperlink to the DHAQ and their personalised access password. Completion status
was monitored on a regular basis, and reminder emails were distributed periodically to
participants who had not finished their responses. A thank you email was sent to each athlete
upon full completion of the questionnaire.
The average duration between test occasions was approximately 6 months (SD = 2
months; range = 2-10 months). Unfortunately, it is difficult to obtain an accurate indication of
completion duration for the updated, online DHAQ, as questionnaires were completed
unsupervised. Although the online host for the DHAQ, SurveyMonkey, does record time stamps
for initial entry into the questionnaire and final submission of responses, many participants
chose to complete the DHAQ over multiple sessions, rather than all in one sitting. As such, the
time stamp for submission of responses was often on a different day to the time stamp for initial
entry into the questionnaire. For those participants who did appear to complete the questionnaire
in a single sitting, it appears that despite the removal of a number of sections from the original
DHAQ, completion duration for the updated, online DHAQ is still approximately 60 minutes.
Statistical Analysis
Responses from the first completion of the DHAQ were compared to those provided
during the second completion, and examined for similarity. Consistency of responses involving
categorical data was assessed via calculation of PA, with PA reflecting the percentage of
responses that were the same on both test occasions. Test-retest reliability of categorical items
was classified as very good, good, moderate, or poor according to the criteria for agreement
outlined in Table 2. For responses involving continuous variables, both PA and single measures
absolute agreement ICCs were calculated, however, in this case PAs were determined by
dividing the smaller value of the pair by the larger, and multiplying the result by 100%. Test-
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retest reliability for these items was classified based upon a combination of the PA and ICC
results (see Table 2). Wherever possible, internal consistency was also assessed for similar
items within separate sections of the questionnaire. Statistical analysis for determination of
internal consistency was the same as for test-retest reliability.
As in Phase 2 of the investigation, statistical analyses were not performed on data from
the current year to avoid any issues related to incomplete data sets for this year. Analyses were
also not performed on items for which data was available for fewer than five participants,
because in these cases it was considered that there was insufficient data to draw meaningful
conclusions from the results. All instances for which insufficient data was available for analyses
are highlighted throughout the text and in all relevant tables in Supplement One. All statistical
analyses were conducted using the SPSS statistical computer software package, Version 17.
Results and Discussion

Sporting Career
Test-retest reliability was very good for identification of highest level of competition
reached to date and whether athletes felt they had passed the peak of their career. Among
athletes who indicated they were past the peak of their career, identification of age at which they
reached their peak was recalled with very good consistency, as was identification of whether
they were still involved in practice and/or competition activities for their main sport.
Unfortunately, insufficient participants reported having ceased involvement in practice and/or
competition activities for their main sport to conduct accurate assessments of test-retest
reliability for age at cessation of participation. Among athletes who had not reached the peak of
their career, test-retest reliability was very good for both predicted age at which they expected to
reach their peak, and highest level of competition at which they expected to participate.
Therefore, athletes were very consistent in their recall of general information regarding
their sporting career to date, as well as their predictions for the extent of their career in the
future. As such, no further modifications to this section are required. More detailed information
regarding test-retest reliability results for the sporting career section is provided in Table 17.
Sporting Milestones
Table 17 also outlines PA and ICC statistics for test-retest reliability of all items within
the sporting milestones section of the DHAQ. Consistency of recall for age when respondents
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reached each of the general sporting milestones was strong, with all items classified as having
very good or good test-retest reliability. Additionally, athletes involved in individual sports
recalled their progression through the various levels of competition quite consistently, with
almost all items displaying very good or good test-retest reliability. Only two exceptions were
evident, with age when started to place first at the junior local and junior state/provincial levels
of competition classified as having moderate test-retest reliability. Similarly, test-retest
reliability was very good or good for all team sport milestones except age when first recognised
as the best player on their team at the junior local level, age when first became a starting player
on their team at the junior state/provincial level, age when recognised as one of the top five
players on their team at the junior state/provincial level, and age when recognised as the best
player for their position on their team at the junior state/provincial level, all of which were
classified as having moderate test-retest reliability.
Combined, these results suggest that athletes could consistently recall the ages at which
they first participated in each of the various levels of competition for their main sport, and could
consistently judge and recall their level of success within higher, more recent stages of
competition, but recollection of success during the earlier years of involvement in main sport
was more difficult. Given the generally strong test-retest reliability of the sporting milestones
section, it is recommended all items be retained in the DHAQ; however, caution should be
exercised when interpreting results pertaining to success at the junior local and junior
state/provincial levels of competition, as this information appears to be recalled less consistently
than other milestones.
Representative History
Test-retest reliability results for the representative history section of the DHAQ are
provided in Table 18. Athletes were highly consistent in identifying the ages at which they first
participated in competition at the local, state/provincial, national, and international levels of
competition, with test-retest reliability for age at first participation in both junior and open age
group categories at each of these competitive levels classified as very good or good.
Additionally, internal consistency with responses from the sporting milestones section of the
DHAQ was very good for age at first participation in all competitive levels except the open
local level, for which internal consistency was good (junior local: PA = 95.77, ICC = .98, p <
.01; open local: PA = 65.99, ICC = .20, p = .20; junior state: PA = 92.89, ICC = .95, p < .01;
open state: PA = 87.49, ICC = .87, p < .01; junior national: PA = 98.75, ICC = 1.00, p < .01;
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open national: PA = 92.89, ICC = .92, p < .01; junior international: PA = 95.00, ICC = .90, p <
.01; open international: PA = 97.63, ICC = .95, p < .01).
Moreover, on an age-by-age basis, test-retest reliability for whether or not athletes
participated in the various levels of competition was very good or good across all ages, for both
junior and open age group categories, at all representative levels. Note that test-retest reliability
for whether athletes participated in the various levels of competition was assessed across all
ages 5-27 for both junior and open age group categories. Since the upper age limit for junior
competition varies from sport to sport, it was decided not to impose an upper age limit for
analyses of involvement in junior competition; and similarly, since the age at which athletes
first participate in open competition varies, it was decided not to impose a lower age limit for
analysis of involvement in open competition. Since test-retest reliability for whether athletes
participated in junior or open competition at a particular age was assessed on the basis of yes,
the athlete indicated participation, or no, they did not, it is not problematic to analyse and
present results for this information across all ages. Rather, the high and often perfect agreement
at ages 24-27 for whether athletes participated in junior competition across the various
representative levels reflects that in the majority of instances, athletes were indicating that no,
they did not participate in junior competition at those ages; and vice versa, the high and often
perfect agreement at ages 5-11 for whether athletes participated in senior competition across the
various representative levels reflects that in the majority of instances, athletes were indicating
that no, they did not participate in open competition at those ages.
Although athletes were able to consistently identify whether they participated in each
level of competition at all ages, recall of the age group categories in which they competed was
generally poor. The total number of age group categories in which athletes reported competing
was recalled with very good or good reliability across almost all ages, at all representative
levels; however, test-retest reliability for identification of the specific age group categories in
which athletes competed was moderate or poor for the majority of ages at each of the four
representative levels. These results indicate that during each year of involvement in their main
sport, athletes were able to remember whether they competed at a particular representative level
and how many different age group categories they participated in, but could not consistently
identify whether, for example, they had competed in the 12/13 years age group category, or the
under 14 years age group category. Information regarding the age group categories in which
athletes competed was collected to identify when they were competing up in a higher age group
category than expected for their age. Engaging in practice and competition activities with older
participants has been suggested to be influential on sport expertise development (Côté et al.,
2006; Phillips et al. 2010a), so it was thought that the DHAQ could be a tool to investigate this
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association in greater detail. Unfortunately, since recall of age group categories was not reliable,
it is recommended that these items be removed from the questionnaire, and alternative methods
be sought to explore the role that older teammates and/or competitors may play in the
development of sport expertise.
While details of age group categories were not recalled consistently, identification of
the representative levels at which athletes competed proved to be highly reliable. Therefore, it is
recommended that the representative history section of the DHAQ be restructured and
simplified. A basic grid requiring athletes to indicate all representative levels at which they
competed during each year of their involvement in their main sport would facilitate examination
of progression through the various levels of competition, providing important information
regarding athletes‘ pathways toward expertise.
Practice History
Test-retest reliability was reasonably good for recall of details of involvement in
practice activities. Results are discussed according to practice type, with accompanying PA and
ICC statistics provided in Table 19. Note that reliability for measures evaluated on an age-byage basis was only assessed for ages 5-27 as there were insufficient participants aged 28 or
above to allow accurate interpretation of results.
Sport specific physical practice. In addition to examination of reliability of athletes‘
responses for average number of hours per week and total number of months per year engaged
in sport specific physical practice during each year of involvement in the four sport specific
physical practice conditions (in a group under the direct supervision of a coach, one-on-one with
a coach, with others but without a coach, and on their own), several additional measures were
calculated and assessed for reliability. These measures included age at first participation, total
number of hours per year, and total cumulative hours of involvement across participants‘ careers
to date. Moreover, details of participation in each of the four conditions of sport specific
physical practice were combined to provide an indication of age at first involvement, total
number of hours per year, and total cumulative hours of participation in sport specific physical
practice overall.
Note that due to the large number of practice conditions addressed within this section of
the questionnaire, Table 19 displays validity and reliability results for age at first participation,
total hours per year, and total cumulative hours for each practice type/condition; however, PA
values and ICC statistics are not presented for average number of hours per week or total
number of months per year.
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Sport specific physical practice completed in a group under the direct supervision of a
coach. Test-retest reliability was very good for recall of age at first participation in sport
specific physical practice completed in a group under the direct supervision of a coach. Recall
of average number of hours per week and total number of months per year for this type of
practice was very good or good across all ages, and reliability of total number of hours per year
was also very good or good for all ages except 12, for which test-retest reliability was moderate.
Reliability of total cumulative hours of participation was good.
Sport specific physical practice completed one-on-one with a coach. Test-retest
reliability for age at first participation in sport specific physical practice completed one-on-one
with a coach was very good, and reliability of recall was very good or good across all ages for
hours per week, months per year, and hours per year. Test-retest reliability for total cumulative
hours of participation in this type of practice was good.
Sport specific physical practice completed with others but without a coach. Age at
first participation in sport specific physical practice completed with others but without a coach,
as well as average number of hours per week, total number of months per year, and total number
of hours per year across all ages, were all rated as having very good or good test-retest
reliability. However, test-retest reliability for total cumulative hours of participation was poor.
The main factor contributing to these mixed results is that hours of participation in sport specific
physical practice completed with others but without a coach were relatively low compared to
other sport specific physical practice conditions. As a result, the magnitude of the discrepancies
between test occasions for hours of participation at a particular age tended to quite small,
leading to a high overall PA for that age. However, when hours were accumulated to produce
total hours of participation in this activity overall, the magnitude of both the values and
discrepancies increased, producing a poor reliability rating for this measure. This same trend
was observed on several occasions throughout various sections of the questionnaire, particularly
when hours of participation were relatively low.
Individual sport specific physical practice. All measures pertaining to participation in
individual sport specific physical practice displayed very good or good test-retest reliability.
Sport specific physical practice overall. Test-retest reliability for age at first
participation in all conditions of sport specific physical practice combined was very good.
Reliability of recall for total hours per year was very good or good for all ages except 12, which
was moderate. Total cumulative hours of participation in sport specific physical practice overall
was rated as having good reliability.
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Physical preparation activities. Reliability assessments for involvement in physical
preparation activities were the same as those conducted for participation in sport specific
physical practice.
Physical preparation activities completed in a group under the direct supervision of a
coach/specialised instructor. Test-retest reliability for age at first participation in physical
preparation activities completed in a group under the direct supervision of a coach/specialised
instructor was good. Details pertaining to hours per week, months per year, and hours per year
of involvement in this practice type were recalled with very good or good reliability across all
ages except 26 for which all measures were poor. Reliability for total cumulative hours of
participation was also poor.
Physical preparation activities completed one-on-one with a coach/specialised
instructor. All measures of reliability for participation in physical preparation activities
completed one-on-one with a coach/specialised instructor were classified as very good. It is
important to note, however, that only three athletes reported participating in this type of
practice.
Physical preparation activities completed with others but without a coach/specialised
instructor. Age at first participation in physical preparation activities completed with others but
without a coach/specialised instructor was recalled with very good reliability. Reliability of
recall for hours per week, months per year, and hours per week was very good or good across all
ages except 24 and 26 for which several measures were rated as moderate or poor. Despite this,
total cumulative hours of participation was still considered to have good test-retest reliability.
Individual physical preparation activities. Reliability of recall for age at first
participation in individual physical preparation activities was moderate. Hours per week,
months per year, and hours per year of involvement in this type of practice were recalled with
very good or good reliability for most ages, although recall for hours per year at age 16, and
hours per week and hours per year at age 26 was poor. Total cumulative hours of involvement in
individual physical preparation activities was classified as having only moderate test-retest
reliability.
Physical preparation activities overall. Combining all conditions of physical
preparation activities together, reliability of recall for age at first participation was very good.
Internal consistency between this item and a similar item within the sporting milestones section
of the DHAQ was also very good (PA = 83.16, ICC = .36, p = .07). Reliability of recall for total
hours per year was very good for most ages, with the exception of ages 16 and 26, for which
reliability was poor. Total cumulative hours of participation in physical preparation activities
overall was also rated as having poor test-retest reliability.
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Mental preparation activities. As for sport specific physical practice and physical
preparation activities, reliability was assessed for age at first participation, average number of
hours per week, total number of months per year, total number of hours per year, and total
cumulative hours of involvement in mental preparation activities under four conditions (in a
group under the direct supervision of a coach/specialised instructor, one-on-one with a
coach/specialised instructor, with others but without a coach, and on their own). Age at first
participation, total hours per year, and total cumulative hours overall were also assessed for
reliability for all conditions of mental preparation combined.
Mental preparation activities completed in a group under the direct supervision of a
coach/specialised instructor. Age at first participation in mental preparation activities
completed in a group under the direct supervision of a coach/specialised instructor was recalled
with good reliability, and hours per week, months per year, and hours per year were recalled
with very good or good reliability across all ages. Despite these positive results, test-retest
reliability for total cumulative hours of participation in this type of practice was poor.
Mental preparation activities completed one-one-one with a coach/specialised
instructor. Test-retest reliability was very good for age at first participation in mental
preparation activities completed one-on-one with a coach/specialised instructor, as well as for
hours per week, months per year, and hours per year across all ages. Reliability for total
cumulative hours of involvement was good. It is noteworthy, however, that only 6 participants
reported engaging in this type of practice.
Mental preparation activities completed with others but without a coach/specialised
instructor. Similarly, only six athletes reported participating in mental preparation activities
completed with others but without a coach/specialised instructor. Nevertheless, age at first
participation was recalled with very good reliability, and reliability for hours per week, months
per year, and hours per year was very good or good across all ages. Test-retest reliability for
total cumulative hours of involvement in this type of practice was good.
Individual mental preparation activities. Although the majority of participants reported
participating in individual mental preparation activities, reliability of recall for age at first
participation was poor. Recall of hours per week, months per year, and hours per year was very
good or good for most ages; however, a number of measures at ages 21-26 had poor reliability.
Test-retest reliability for total cumulative hours of participation was also poor.
Mental preparation activities overall. Test-retest reliability for age at first participation
and total cumulative hours of involvement in mental preparation activities overall was poor.
Reliability of recall for hours per year was also poor for ages 20-22, and 24-26, but was very
good or good across all other ages.
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Sport specific play. The same measures of test-retest reliability were assessed for
involvement in sport specific play as for the previous types of practice; however, only two
conditions of sport specific play were addressed – with others, and on their own.
Sport specific play with others. Age at first participation in sport specific play with
others was recalled with good reliability. Hours per week, months per year, and hours per year
were recalled with very good or good reliability across all ages except 24, for which reliability
of all measures was poor. Test-retest reliability for total cumulative hours of participation in this
type of practice was also poor.
Individual sport specific play. All measures of reliability for individual sport specific
play were very good; however, only four athletes reported participating in this type of practice.
Sport specific play overall. Test-retest reliability for age at first participation in sport
specific play overall was good. Reliability for total hours of participation in both conditions of
sport specific play combined per year was very good or good for all ages except 24, which was
poor. Reliability for total cumulative hours of participation in sport specific play overall was
moderate.
Total hours of practice overall. When details of involvement in all types and
conditions of practice are combined together, age at first participation in practice activities for
main sport was recalled with very good reliability. Additionally, internal consistency was good
between this item and a similar item within the sporting milestones section (PA = 79.24, ICC =
.91; p < .01). Test-retest reliability for total number of hours engaged in practice activities per
year of involvement in main sport was very good or good across all ages except 12, for which
reliability was moderate. Reliability for total cumulative hours of participation in all types and
conditions of practice combined was good.
Training camps. In addition to the assessment of test-retest reliability for total number
of training camps attended throughout each year of involvement in main sport and the average
duration of training camps attended each year, age at first participation in training camps, total
number of weeks in training camps per year, and total cumulative weeks in training camps
throughout participants‘ careers to date were also calculated and assessed for reliability. Age at
first participation in training camps was recalled with good reliability, and number of training
camps per year, average duration of each training camp per year, and total number of weeks in
training camps per year were all recalled with very good or good reliability across all ages.
Reliability for total cumulative number of weeks in training camps throughout participants‘
careers to date was, however, poor.
Similar to results obtained within sections relating to involvement in practice activities
for main sport during phase two of this investigation, a number of items in this section of the
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revised DHAQ were classified as having very good or good test-retest reliability because the PA
value was rated as very good or good, despite the corresponding ICC being considered poor. As
was the case previously, for these items the ICC was low, zero, negative, or non-significant
because some athletes reported slightly higher values during the initial completion of the DHAQ
compared to the re-test, while other athletes reported slightly lower values during the initial
completion of the DHAQ compared to the re-test. As such, there was no correlation between
responses, but this does not matter because the strong PA reflects that the magnitude of
responses provided on both test occasions were reasonably similar.
In general, reliability of recall for details related to athletes‘ history of involvement in
practice activities was good. Recall of age at first participation was good or very good for all
practice types, with the exception of individual unsupervised physical and mental preparation
activities, for which reliability was rated as moderate and poor respectively. These results
support earlier findings from the validation of the original DHAQ indicating that recall of
participation in unsupervised practice activities appears to be less consistent than recall of
participation in supervised practice activities.
On an age-by-age basis, details of involvement in practice activities were recalled well
for almost all ages, across all practice types. Several minor exceptions were evident where
reliability of recall for average number of hours per week, total number of months per year,
and/or total number of hours per year was rated as moderate or poor. Interestingly, the majority
of these instances occurred after the age of 20. It might be expected that recall at more recent
ages would be more consistent than at younger ages, however, this was not the case. It is likely
that a steady reduction in the number of participants with each age above 15 influenced the
reliability results at these older ages because the reduced sample size was typically associated
with increased variability, leading to lower PA values and non-significant ICC statistics.
Although reliability of recall for details of participation in practice activities throughout
each year of athletes‘ involvement in their main sport was generally good, test-retest reliability
for total cumulative hours of participation was moderate or poor for a number of practice types.
This finding was unexpected because during the initial validation of the DHAQ, validity and
reliability of total cumulative hours of involvement in several practice activities was found to be
good even though validity and reliability of its component measures (i.e. hours per week,
months per year, and hours per year) were recalled poorly. Here the reverse trend was observed,
as reliability of recall for hours per week, months per year, and hours per year was stronger than
reliability for total cumulative hours of involvement for most practice types. While it is likely
that the previously highlighted lower reliability of recall for hours per week, months per year,
and hours per year above age 20 could be negatively influencing reliability of total cumulative
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hours of involvement, these results highlight the complex nature of practice history information,
and the necessity to validate all items within developmental history measurement instruments in
order to be confident in the trustworthiness of data reported.
Despite several moderate and poor test-retest reliability classifications within the
practice history section of the updated DHAQ, reliability improved noticeably compared to the
equivalent sections of the original questionnaire. This is particularly true for details of
involvement in sport specific physical practice activities, and sport specific play. Therefore, the
modifications outlined appear to have markedly strengthened the measurement tool. It is
acknowledged that recall of autobiographical information over an extended period of time is
difficult, so forgetting and confusion of details will occur (Bradburn, Rips, & Shevell, 1987).
When memories are uncertain or fragmented, individuals tend to rely on inferences and
approximations to fill in the gaps (Bradburn et al., 1987). Such approximations are likely to
result in slightly inconsistent responses when recall is repeated on multiple occasions,
particularly when the information required is as precise as practice hours. Therefore, it is not
expected that further modifications to this section of the DHAQ would improve reliability. As
such, it is suggested that the practice history component of the questionnaire is now suitable for
use within future investigations related to sport expertise development.
Competition History
Items related to competition history within the original DHAQ were not adequately
structured to sufficiently cater to the complexities of involvement in competition. As such,
major modifications were made to address involvement in three different competition formats
(regular season, occasional, and tournament format competitions), and to differentiate between
time actively involved in competition activities and time spent at the competition venue. It was
expected that a more detailed approach to the collection of competition history information
would facilitate more accurate memory recall and hence improve reliability of this section. As
detailed below, the modifications did slightly improve test-retest reliability, however, a number
of measures still had moderate to poor reliability classifications. Results are discussed according
to competition format, with PA values, ICC statistics, and classification information provided in
Table 20. Note that, as for practice history, test-retest reliability of age-by-age measures was
only assessed for ages 5-27 due to insufficient participants aged 28 or above.
Regular season competitions. In addition to assessing reliability for total number of
months per year involved in regular season competitions, average number of regularly occurring
events/matches per month, average time spent at the competition venue per event/match, and
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average time spent actively competing per event/match for each year of participants‘
involvement in regular season competition, several other measures were subjected to test-retest
reliability analyses. These included total number of regular season events/matches, total time
spent at the competition venue, and total time spent actively competing in regular season
competitions both per year, and cumulative across participants‘ careers to date, as well as age at
first participation in regular season competitions.
Given the large number of items assessed for reliability within the competition history
section of the questionnaire, Table 20 only displays PA values and ICC statistics for age at first
participation in regular season competitions, total number of regular season events/matches per
year and overall, total time spent at the competition venue per year and overall, and total time
actively engaged in competition per year and overall. However, classification ratings for all
items are discussed below.
Age at first participation in regular season competitions was recalled with good
reliability, and the total number of months per year during which athletes participated in regular
season competitions was recalled with very good or good reliability across all ages. The average
number of events/matches in which participants competed during each month of their
involvement in regular season competitions was recalled with very good or good reliability for
the majority of ages, however, reliability was poor for ages 13-16, and 26. As a result, test-retest
reliability for total number of regularly occurring events/matches in which participants
competed per year was also poor at these same ages, as well as age 17.
With regards to test-retest reliability for time involved in regular season competitions,
recall for average time spent at the competition venue per event/match was very good or good
for all ages except 15 and 19, for which reliability was poor, but reliability for total time spent at
the competition venue per year was moderate or poor at ages 12-17, 19, and 26. Similarly,
reliability of recall for average time spent actively competing per event/match was poor for ages
14-17, but was very good or good across all other ages; however, test-retest reliability for total
time spent actively competing per year was poor for ages 12-17, 21, 23, 24, and 27.
Combining details of participation in regular season competitions across all ages of
involvement, test-retest reliability was poor for all cumulative measures including total
cumulative number of events/matches in which participants competed, total cumulative time
spent at the competition venue, and total cumulative time spent actively competing in regular
season events/matches.
Occasional competitions. Measures related to participation in occasional competitions
were similar to those described above for regular season competitions. Test-retest reliability was
assessed for all responses, including total number of occasional competitions, average number
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of events/matches per occasional competition, average time spent at the competition venue per
occasional competition, and average time spent actively competing per occasional competition,
for each year of involvement in main sport, as well as for several calculated measures, including
age at first participation in occasional competitions, and total number of events/matches, total
time spent at the competition venue, and total time spent actively competing per year and
cumulative across participants‘ careers to date. As for regular season competitions, Table 20
displays PA values and ICC statistics for age at first participation, total number of
events/matches per year and overall, total time spent at the competition venue per year and
overall, and total time actively engaged in competition per year and overall; although,
classification ratings for all responses are addressed below.
Test-retest reliability for age at first participation in occasional competitions was poor,
but reliability was very good or good for all age-by-age measures. Despite strong reliability
ratings across all ages, test-retest reliability for total cumulative occasional competitions, total
cumulative events/matches, total cumulative time spent at the competition venue, and total
cumulative time spent actively competing in occasional competitions overall was poor.
Tournament format competitions. Test-retest reliability was assessed for total number
of tournament format competitions, average number of events/matches per tournament, average
time spent at the competition venue per event/match, and average time spent actively competing
per event/match across each year of participants‘ involvement in their main sport, as well as for
total number of events/matches, total time spent at the competition venue, and total time spent
actively competing per year and cumulative across participants‘ careers to date. Test-retest
reliability for age at first participation in tournament format competitions was also assessed. As
above, classification information will be discussed for all items, but Table 20 presents only PA
values and ICC statistics for age at first participation in tournament format competitions, total
number of tournament format events/matches per year and overall, total time spent at the
competition venue per year and overall, and total time actively engaged in competition per year
and overall.
Age at first participation in tournament format competitions was recalled with good
reliability. The number of tournament format competitions athletes participated in per year, the
average number of events/matches per tournament, and subsequently, the total number of
tournament format events/matches per year, were all rated as having very good or good
reliability across all ages. Additionally, reliability of recall for average time spent at the
competition venue per event/match was very good or good across all ages, leading to very good
or good reliability ratings for total time spent at the competition venue per year for all ages.
Similarly, reliability for average time spent actively competing per event/match, and total time
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actively competing per year was very good or good across most ages, although, at age 16 these
reliability measures were poor and moderate respectively. Overall, reliability for total
cumulative tournaments in which athletes participated, and total cumulative tournament format
events/matches was good, but reliability for total cumulative time spent at the competition
venue and total cumulative time spent actively competing in tournament format competition was
poor.
Competition overall. Combining participation in all competition formats together, testretest reliability for age at first participation in competition overall was very good. Internal
consistency for this measure was also very good when comparing responses between this
section of the questionnaire and both the sporting milestones (PA = 90.73, ICC = .95, p < .01)
and representative history sections (PA = 90.62, ICC = .94, p < .01). Test-retest reliability for
total number of competitive events/matches in which athletes participated per year was very
good or good across all ages except 17, for which reliability was moderate, but reliability for
total cumulative number of competitive events/matches across athletes‘ careers to date was
poor.
Reliability for total number of hours spent at the competition venue per year was mixed,
with very good or good reliability ratings for ages 5-11, 19-24, and 27, but poor reliability
ratings for ages 12-18, and 25-26. Similarly, test-retest reliability for total number of hours
actively engaged in competition was very good or good for ages 5-11, 19, 22-23, and 17, but
was poor for all other ages. Subsequently, reliability for total cumulative hours spent at the
competition venue overall and total cumulative hours actively engaged in competition overall
was poor. PA values and ICC statistics are provided for all measures pertaining to participation
in all formats of competition combined, in Table 20.
Test-retest reliability assessments for the competition history section of the updated
DHAQ produced mixed results. The modified structure of items relating to details of
participation in competition allowed athletes to discuss their competition involvement more
successfully than the previous version of the DHAQ; however, there were still several issues
surrounding the reliability of this section.
The most notable observation was that recall of involvement in regular season
competitions appeared to be particularly problematic during the teenage years. Athletes were
unable to consistently recall the average number of regularly occurring events/matches per
month of their involvement in these types of competitions, leading to inconsistent calculations
of hours of involvement in regular season competitions per year during adolescence. Poor recall
of time involved in regular season competitions per year of participation undoubtedly
contributed to the poor reliability ratings for total hours of involvement in competition activities
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overall. Responses within the representative history section of the DHAQ revealed that during
the teenage years, athletes commonly competed simultaneously in several different age group
categories, at a range of representative levels. This complex competition schedule is likely to
have contributed to the poor recall during these years, as athletes may have experienced
difficulty remembering how many events/matches they participated in during a typical month. It
is also a possibility that the number of regularly occurring events/matches varied significantly
from one month to the next, making it difficult to provide an accurate indication of the average
number of events/matches per month.
It is interesting that reliability ratings for time involved in regular season competitions,
and subsequently time involved in competition overall, were also poor for several ages above 20
years old. It is not clear why this is the case because responses from the representative history
section of the questionnaire indicated that by this age athletes were typically competing in just
the open age group category at each of the representative levels, rather than multiple age group
categories like during the teenage years; plus, a recency effect (Bjork & Whitten, 1974; Whitten
& Leonard, 1981) was expected, such that details of participation in practice and competition
activities during recent years were expected to be recalled with greater consistency than at
younger ages. As proposed within the discussion of practice history results, the poor reliability
for total hours of involvement in regular season competitions per year at these ages may be an
artefact of the lower number of participants included in the reliability analyses, since athletes
ranged in age from 15-35.
Involvement in occasional and tournament format competitions was recalled more
consistently than involvement in regular season competitions. It is possible that these one-off
events are more memorable than regularly occurring events because they could be of greater
significance to the athlete. For example, local club level competitions frequently occur on a
weekly or monthly basis, whereas national level competitions often only occur once or twice a
year. It is understandable that athletes could more accurately recall their involvement in major
events such as a national championship compared to more minor events such as a local league.
Interestingly, even though reliability ratings were very good or good for most age-byage measures of involvement in occasional and tournament format competitions, the majority of
measures pertaining to total cumulative involvement in these competition activities displayed
poor test-retest reliability. This echoes previous findings from the practice history section of the
questionnaire, where the same trend was observed. These findings suggest that when collecting
practice and competition history information via the DHAQ, greater attention should be devoted
to the discussion and interpretation of age-by-age results than total cumulative values.
Positively, the majority of previous investigations involving examination of past practice and/or
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competition hours have reported a combination of age-by-age and cumulative values (Baker et
al., 2003b; Helsen et al., 1998; Hodge & Deakin, 1998; Hodges et al., 2004; Hodges & Starkes,
1996; Starkes et al., 1996; Ward et al., 2007); thus, it is recommended that future investigations
continue to report results in this manner, however, the lower reliability of cumulative values
should be noted.
Although participation in occasional and tournament format competitions was recalled
with acceptable reliability, regular season competitions form a major component of the
competitive timetable for many sports, so the poor reliability of this section is a concern.
Therefore, further modifications are required before the competition history section of the
DHAQ can be considered suitable for retention. As competition formats and scheduling can
vary considerably between sports, it is possible that reliability of recall for competition history
information may improve if items are catered more specifically to the competitive structure of
the participants‘ sport. Since the DHAQ was designed to be a generic measurement tool suitable
for completion by participants of any sport, separate sport-specific questionnaires may need to
be developed in order to accurately address involvement in competition activities. Given the
identification of competition as an important contributor to the development of sport expertise
(Baker et al., 2003a; Ford et al., 2009; Singer & Janelle, 1999; Ward et al., 2007), continued
efforts to construct a validated measurement tool for the collection of competition history
information are essential. In the meantime, while these efforts are ongoing, it is recommended
that the current competition history section of the DHAQ be removed, at least temporarily.
Participation in Other Organised Sports
Although the participation in other organised sports section of the updated DHAQ
remained unchanged from the original version, test-retest reliability during this study was less
than ideal. Table 21 displays detailed results of the test-retest reliability analyses for all items
within this section of the questionnaire.
Reliability of recall for total number of organised sports other than the main sport in
which athletes participated was rated as good, but as was the case in the initial validity and
reliability study, only seven of the 20 athletes reported the same list of sports on both test
occasions. Other athletes tended to identify between one and three sports on both test occasions,
plus between one and six additional sports on just one of the two test occasions. Two athletes
reported completely different lists of sports each time. This result once again highlights a
potentially significant limitation associated with investigations of diversification and sport
expertise, and the importance of in-depth examinations of reliability of recall during studies of

137

sport expertise development. Studies reporting total number of sports and measures of
participation in all organised sports combined that do not discuss reliability of sports identified
may be misleading, and should be interpreted cautiously.
With the limitations associated with inconsistent reporting of organised sports in mind,
test-retest reliability of recall for age at first participation in all other organised sports combined
was good, as was age at specialisation. Age at specialisation was calculated as the age at which
participation in all other organised sports ceased, and the athlete began to concentrate on their
main sport alone. Internal consistency between age at specialisation as calculated within this
section of the DHAQ, and that reported within the sporting milestones section was also good
(PA = 78.45, ICC = .03, p = .05).
Still combining participation in all organised sports together, test-retest reliability for
total number of hours of involvement in other organised sports per year was good or very good
for ages 6 and 19 to 27, but was moderate or poor for all other ages. The mean age at first
participation in other organised sports was approximately seven years old, and by age 19 most
athletes had ceased participation in other organised sports to specialise in their main sport.
Therefore, hours of involvement in other organised sports were typically zero outside of these
ages, leading to good reliability ratings. On the other hand, between the ages of 7 and 18
athletes were commonly participating in a variety of sports. Given the inconsistent reporting of
sport types already discussed, it is not surprising that test-retest reliability for total hours of
involvement in other organised sports across these ages was moderate to poor. It is consequently
not surprising that reliability for total cumulative hours of participation in all other organised
sports combined throughout participants‘ careers to date was also only moderate. Note that as
for the practice and competition history sections, test-retest reliability for age-by-age measures
was only assessed up to age 27 as insufficient participants aged 28 or older were involved to
draw accurate conclusions from the data at ages above 27. Finally, test-retest reliability for
highest level of competition reached in other organised sports overall was moderate.
Despite inconsistent reporting of the total number of organised sports in which athletes
participated, an average of two sports were identified consistently on both test occasions,
therefore, test-retest reliability was able to be assessed on a sport-by-sport basis for two sports.
For other organised sport one, even though sport type was identified consistently,
reliability of recall for age at first participation in this sport was poor. Age at cessation of
participation in this sport was, however, good. Test-retest reliability for average number of
hours per week, total number of months per year, and the calculated value for total hours per
year of involvement in other organised sport one demonstrated a similar trend to that described
above, whereby reliability was moderate or poor between the ages of 8 and 17 when
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participation was most common, but was very good or good outside of these ages (N.B. In the
interest of space, test-retest reliability results for average number of hours per week and total
number of months per year for other organised sport one are not included in Table 21, however,
PA values and ICC statistics are provided for all other items). Reliability for total cumulative
hours of participation in other organised sport one was also only moderate. With respect to
highest level of competition reached for organised sport one, test-retest reliability was very good
or good at the majority of ages, but was moderate at ages 9-12 and 16. Reliability was also
moderate for highest level of competition reached for other organised sport one overall.
For other organised sport two, test-retest reliability for age at first participation and age
of cessation of participation in this sport were both poor, but surprisingly, reliability for hours
per week, months per year, and hours per year were very good or good across all ages except
age 12, for which measures were recalled with poor reliability. Overall, however, test-retest
reliability for total cumulative hours of participation in other organised sport two was poor.
Similarly, test-rest reliability for highest level of competition was very good or good across all
ages, but was only moderate for highest level of competition reached overall. Note that as for
other organised sport one, reliability statistics are not provided in Table 21 for average number
of hours per week and total number of months per year for involvement in other organised sport
two, but all other results pertaining to participation in other organised sport two are presented.
Since only two sports were identified consistently, reliability analyses were not conducted on
any additional sports.
The relatively poor results for this section were similar to those observed during the
validation of the original DHAQ; however, they were still surprising given the plethora of
research investigating the associations between participation in a variety of organised sports and
the development of sport expertise (Baker et al., 2003b; Baker et al., 2005; Berry et al., 2008;
Ford & Williams, 2008; Ward et al., 2007; Memmert et al., 2010; Oldenziel et al. 2003;
Soberlak & Côté, 2003). The structure adopted for this section of the DHAQ was very similar to
that utilised in earlier investigations of diversification and sport expertise development, so it is
unlikely that the low reliability is a result of sub-optimal item structure. Rather, limitations of
memory recall are most likely responsible, and hence unavoidable in retrospective
investigations such as this. Therefore, researchers should monitor reliability of recall for details
of participation in organised sports closely, and should take care when interpreting related
results and drawing conclusions.
Furthermore, the results of the current study highlight the need for researchers to re-visit
the role of diversification in sport expertise development and consider setting criteria for
reporting involvement in other organised sports. For example, perhaps only sports in which
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participants were involved for two or more seasons should be included; or possibly only sports
in which participation exceeded four hours per week during any given year of involvement.
These examples are arbitrary, though discussions among researchers in the field are essential to
define what constitutes diversification, so that more appropriate measurement instruments can
be created to facilitate accurate recall of participation in other organised sports, and hence
provide meaningful recommendations to parents, coaches, and sport administrators. To
determine such criteria, experimental approaches exploring the nature and extent of skill
transfer may be required.
In the meantime, given the importance placed on the relationship between
diversification and sport expertise in previous literature (Baker et al., 2003b; Côté & FraserThomas, 2007; Berry et al., 2008), it is recommended that this section of the DHAQ be retained
in the questionnaire. However, it is important to be aware of the lower reliability of this section
in its current format, and to acknowledge these reliability issues when conducting investigations
utilising the DHAQ.
Participation in Informal Playful Sporting Games
Recall of information pertaining to participation in informal playful sporting games was
very poor during the initial validity and reliability assessments of the DHAQ. In an attempt to
improve recall, major modifications were made to this section when updating the questionnaire.
Unfortunately, these modifications did not elicit more consistent responses from participants as
test-retest reliability was poor for all items within the informal playful sporting games section.
Measures for which test-retest reliability was poor included total number of playful
sporting games in which athletes reported participating, age at first participation in informal
playful sporting games, and age at cessation of participation in all playful sporting games. The
average number of hours per week and total number of months per year of participation in
informal playful sporting games were recalled with poor reliability across almost all ages,
leading to poor test-retest reliability for total number of hours per year across all ages as well.
Test-retest reliability for total cumulative hours of participation in informal playful sporting
games was also poor.
Only six athletes reported the same sporting game on both test occasions for the game
they played most often, and only three athletes reported the same sporting game on both test
occasions for the game they played second most frequently. The typical percentages of play
time devoted to the most frequent and second most frequent sporting games played were also
recalled with poor reliability. In fact, no athletes reported the same list of informal playful
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sporting games in which they participated on both test occasions, which could have contributed
to the inconsistent recall of ages of involvement in informal sporting play, hours of
involvement, and identification of the two most frequent sporting games played.
PA values, ICC statistics, and classification information for items within the informal
playful sporting games section of the DHAQ are provided in Table 22; however, note that as for
other sections of the questionnaire, reliability results for average number of hours per week and
total number of months per year are not included.
It is very interesting that with the exception of Memmert et al. (2010), and Soberlak and
Côté (2003), previous investigations of associations between participation in sporting play and
the development of sport expertise have failed to report reliability of recall for this information.
Memmert and colleagues (2010) reported a significant Pearson correlation coefficient of .70 for
test-retest reliability of time spent in play activities, and Soberlak and Côté (2003) reported a
30% difference between athletes‘ and parents‘ accounts of participation in sporting play.
Authors of both papers considered reliability of recall for hours of involvement in sporting play
to be acceptable, however, in each case, reliability of recall for hours of involvement in
organised sporting activities was greater than for involvement in play. As discussed earlier, the
unstructured, irregular nature of participation in informal sporting games is likely to be the most
significant contributor to the lower reliability of recall for this information. As participation in
sporting play is typically spontaneous and inconsistent, details of involvement are more difficult
to recall compared to more formal, regularly scheduled organised sporting activities.
These poor results suggest that recall of involvement in informal, playful sporting
games may not be strong enough to allow accurate interpretation of data obtained from this
section of the questionnaire. Since modifications to the structure of this section of the DHAQ
did not improve reliability of recall for details pertaining to participation in informal, playful
sporting games, it is recommended that it be removed from the questionnaire. It is therefore
important that if associations between participation in informal, playful sporting games and
sport expertise continue to be explored in the future, researchers must carefully construct their
measurement tools and conduct detailed assessments of reliability of recall to ensure trustworthy
reporting of results.
Family
Within this section of the DHAQ, all participants provided demographic information
and details of participation in sport and physical activity for their biological mother and
biological father, however, no participants reported having lived with a step-mother, step-father,
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or any other male or female legal guardian. Therefore, parental reliability assessments were
restricted to biological parents. Similarly, although the majority of participants reported having
one or two siblings, only four participants reported having three or more siblings. As such,
sibling reliability assessments were restricted to participants‘ two oldest siblings only. Testretest reliability results are discussed according to family member, with accompanying PA, ICC,
and classification information provided in Table 23.
Biological mother. Date of birth, main country of residence, highest level of education
and ages at which participants lived with their biological mother were each recalled with very
good or good reliability. Test-retest reliability was poor for mother‘s frequency of participation
in general fitness activities, moderate for mother‘s frequency of participation in recreational
sport, and good for mother‘s frequency of participation in competitive sport during the time
living together.
Although the total number of competitive sports in which athletes‘ mothers participated
throughout their lives was recalled with good test-retest reliability, the actual sports identified
were not recalled consistently, with reliability for sport type only moderate to poor for each of
the sports provided. Positively, identification of whether mothers had participated in the same
sport as the athlete‘s main sport was rated as having good test-retest reliability, and reliability
for highest level of competition reached for this sport was also good. Unfortunately, reliability
of recall for highest level of competition reached in other sports was poor, leading to a poor
reliability classification for highest level of competition reached overall.
Biological father. Reliability results for recall of details pertaining to participants‘
biological fathers were very similar to those for mothers. Test-retest reliability was very good or
good for recall of father‘s date of birth, country of residence, and highest level of education, as
well as for the ages at which athletes lived with their father. Reliability was moderate for
fathers‘ frequency of participation in both general fitness activities and recreational sport during
the time living with the athlete, but was very good for fathers‘ frequency of participation in
competitive sport.
Regarding athletes‘ fathers participation in competitive sport throughout any time in
their lives, reliability of recall was generally poor. Reliability of recall for the total number of
sports in which fathers participated, the particular sports they played, and the highest level of
competition they reached, both on a sport-by-sport basis and overall, was moderate or poor, but
recall of whether fathers participated in the same sport as the athlete‘s main sport and the
highest level of competition reached in this sport was very good and good respectively.
Sibling one. Reliability of recall for information relating to participants‘ oldest sibling
was mixed. Athletes were very consistent in recalling this sibling‘s sex, relationship to the
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athlete (i.e. full sibling, half-sibling, step-sibling, etc.), date of birth, main country of residence,
highest level of education, and the ages at which they lived together, with very good or good
reliability ratings for all these items. Reliability of recall for this sibling‘s participation in sport
and physical activity during the time living with the athlete was not as strong, with reliability for
frequency of participation in general fitness activities only moderate, and reliability for
frequency of participation in both recreational and competitive sports poor.
Test-retest reliability for total number of sports in which this sibling participated was
also poor. However, it appears as though this sibling may have participated in one main sport
because reliability for sport type and highest level of competition was very good and good
respectively for one sport, but poor for all other sports. Reliability for whether this sibling
participated in the same sport as the athlete‘s main sport was very good, but reliability for the
highest level of competition reached in this sport was only moderate. Despite this, reliability for
highest level of competition reached overall was classified as good.
Sibling two. Reliability results for demographic information and details of participation
in sport and physical activity for athletes‘ second oldest sibling were similar to those for sibling
one. All demographic items displayed very good test-retest reliability including sex, relationship
to the athlete, date of birth, main country of residence, highest level of education, and ages at
which the athlete lived with this sibling. Reliability of recall for this sibling‘s frequency of
participation in both general fitness activities and recreational sport was moderate, while
reliability of recall for frequency of participation in competitive sport was good.
Similar to sibling one, test-retest reliability for the total number of sports in which this
sibling participated was poor; however, once again, one sport was identified consistently on
both test occasions. In this case though, reliability of recall for highest level of competition
reached was poor for all sports identified. While test-retest reliability was very good for
identification of whether this sibling participated in the same sport as the athlete‘s main sport,
reliability for the highest level of competition reached in the athlete‘s main sport was poor.
Overall, reliability of recall for the highest level of competition reached for all sports combined
was also poor for sibling two.
Test-retest reliability results were relatively uniform across all family members. In
general, demographic information was recalled with very good consistency, but recall of details
relating to family members‘ involvement in sport and physical activity was not as strong. When
indicating the frequency with which family members participated in sporting activities during
the time the athlete lived with them, recall for frequency of participation in competitive sport
was typically more consistent then recall for frequency of participation in general fitness
activities and recreational sport. This finding could reflect issues already discussed relating to
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recall of structured versus unstructured sporting activities. Family members‘ participation in
competitive sport is likely to involve regularly occurring practice sessions and competitions,
while participation in general fitness activities and recreational sport may be more informal and
irregular. Therefore, it may be more difficult to accurately indicate the frequency with which
family members participated in these unstructured sporting activities compared to competitive
sport activities.
In responding to these items, athletes were required to select the frequency of each
family member‘s participation in the three types of sport and physical activity according to a
five point scale including the options: never, occasionally, 1-2 times per week, 3-5 times per
week, or more than 5 times per week. Rather than remove these items from the questionnaire
completely, it might be beneficial to simplify the question to a dichotomous response, asking
whether family members participated in general fitness activities/recreational sport/competitive
sport on a regular basis, that is, one or more times per week, most weeks of the year, throughout
most of the years that you lived with them.
If the current results are collapsed into two categories indicating regular participation
(response options: 1-2 times per week, 3-5 times per week, and 5 or more times per week), or
irregular participation (response options: never and occasionally) in general fitness activities,
recreational sport, and competitive sport, test-retest reliability improves such that reliability
classifications become very good or good for all three activity types across all four family
members (biological mother: PA general fitness activities = 75.00, PA recreational sport =
75.00, PA competitive sport = 90.00; biological father: PA general fitness activities = 75.00, PA
recreational sport = 65.00, PA competitive sport = 80.00; sibling one: PA general fitness
activities = 65.00, PA recreational sport = 70.00, PA competitive sport = 70.00; sibling two: PA
general fitness activities = 73.33, PA recreational sport = 80.00, PA competitive sport = 66.67).
While this approach elicits less detailed information, we can be more confident in the
trustworthiness of the data, and hence draw more accurate conclusions.
Reliability of recall was also relatively poor for items relating to family members‘
participation in organised sport throughout any time in their lives. In general, athletes were not
able to consistently identify the types and total number of sports in which family members had
participated. Test-retest reliability for whether family members participated in the same sport as
the athlete‘s main sport was good, but identification of any additional sports was highly
inconsistent. Additionally, reliability for the highest level of competition family members
reached in the various sports in which they participated ranged from poor to very good.
Consequently, further modifications to this section of the DHAQ are required.
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Within the current version of the DHAQ, athletes indicated whether family members
had participated in any competitive sports any time in their lives for an extended duration (i.e.,
three years or more). If yes, athletes then indicated the name of each sport and the highest level
of competition reached for each sport. It is recommended these items be replaced with a series
of similar, yet simplified questions. Instead of listing all sports in which each family member
participated, it is recommended that athletes respond yes or no to the questions ―
did this family
member participate in the same sport as your main sport for an extended duration (i.e. three
years or more) at any time in their lives?‖ and ―d
id this family member participate in any other
sports for an extended duration (i.e. three years or more) at any time in their lives?‖.
In an attempt to improve reliability of recall for highest level of competition reached by
family members, it is recommended that the competitive level classification system be collapsed
from 15 to three response options based upon the guidelines of the Gulbin et al. (2010) Athlete
Development Triangle: elite (open international level competition); pre-elite (junior
international or open national level competition); and non-elite (encompassing all other levels of
competition). Further, it is recommended that only highest level of competition reached in the
same sport as the athlete‘s main sport plus highest level of competition reached overall for all
other sports combined be required for each family member (where applicable), rather than
highest level of competition reached for each competitive sport in which the family member
participated. It is expected that simplification of items relating to familial involvement in
competitive sport will lead to improved reliability due to the reduced level of detail required.
When the recommended modifications are applied to the current data set and responses
are reanalysed, test-retest reliability for whether family members participated in any organised
sports other than the athlete‘s main sport was good or very good for all four family members
(biological mother: PA = 75.00; biological father: PA = 80.00: sibling one: PA = 89.47; sibling
two: PA = 73.33). Test-retest reliability classifications for highest level of competition reached
in the same sport as the athlete‘s main sport did not change following the simplification of the
competitive level response options (biological mother: PA = 66.67; biological father: PA =
66.67; sibling one: PA = 62.50; sibling two: PA = 42.86), but reliability for highest level of
competition reached overall for all other sports combined did improve for fathers and both
siblings (biological father: PA = 80.00; sibling one: PA = 86.67; sibling two: PA = 70.00).
Reliability for highest level of competition reached overall for all other sports combined,
however, remained poor for mothers (PA = 46.15).
Although reliability classifications for several items pertaining to familial involvement
in sport and physical activity did not reach acceptable standards for all family members,
following the recommended modifications to this section, the majority of proposed items were
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rated as having very good or good test-retest reliability. Therefore, it is suggested that all
demographic items within the family section of the questionnaire be retained within the DHAQ,
and items pertaining to familial involvement in sport and physical activity be updated according
to the proposed modifications. Reliability of updated items should continue to be monitored.
Places of Residence
Within this section of the DHAQ, participants identified all towns/cities in which they
have lived, along with the ages at which they lived in each town/city, and the reason for
relocation to each new town/city. The number of towns/cities in which athletes reported living
displayed very good test-retest reliability, with sufficient information available to examine
reliability of recall for specific details of the first four towns/cities of residence. PA, ICC, and
reliability classification information for items within the places of residence section of the
DHAQ are provided in Table 24.
As expected, all athletes reported the same location for their birthplace on both test
occasions. For those athletes who moved away from the town/city in which they were born,
reliability of recall for the location of the second town/city in which they lived was also very
good. The age at which participants relocated to this second town/city was recalled with very
good reliability, and identification of the main reason for relocation to this town/city also had
good reliability.
Unfortunately, recall of the third town/city in which participants lived was not as strong,
with test-retest reliability for the location of this residence rated as poor. Reliability of recall for
age at relocation to this town/city was very good, as was reliability for the main reason for
relocation to this town/city, indicating that athletes could remember when they moved from
their second place of residence and why, but could not accurately recall where they moved to at
this time. Closer inspection of the ages at which participants‘ lived in this third town/city
indicated that the duration of residence was typically very short, in some cases less than a year.
It is, therefore, possible that athletes were inconsistent in whether they reported residences of
short duration on both test occasions.
Following inconsistent reporting of the third town/city of residence, details of the fourth
town/city in which participants lived were also recalled poorly. Identification of the location of
the fourth town/city of residence, age at relocation to this place of residence, and reason for
relocation to this place of residence were all recalled with poor reliability. Of particular note,
however, the number of times participants relocated to a new town/city for reasons relating to
sport, and the age at which they first relocated to a new town/city for reasons relating to sport
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were recalled with very good and good reliability respectively. Internal consistency for age at
first relocation for reasons relating to sport was also good between this section of the
questionnaire and the sporting milestones section (PA = 79.41, ICC = 0.33, p = .05).
Although reliability results for this section of the DHAQ are not entirely positive, the
consistent recall of details pertaining to the first two places of residence in which athletes lived
is encouraging, especially considering these places of residence tended to be of relatively long
duration. This is because these first two places of residence typically represented the
towns/cities in which athletes lived throughout their childhood and adolescent years, during
which time they are likely to have obtained their early, and potentially formative, sporting
experiences. It is also positive that athletes were able to consistently identify when they
relocated for reasons relating to sport, as these relocations could represent key transition points
within athletes‘ development, marking progression from one stage of their career to another.
Furthermore, it would be interesting to examine the influence of these relocations on athletes‘
involvement in practice and competition activities, and subsequently, their performance. Given
the strong reliability of recall for the most critical components of the places of residence section
of the DHAQ, it is recommended that this section be retained in the questionnaire without the
need for further modifications.
General Discussion
Following its initial construction and validation, a number of modifications to the
DHAQ were recommended before the measurement tool was deemed suitable for use in
investigations of sport expertise development. This study therefore aimed to implement the
recommended changes and reassess test-retest reliability for the updated DHAQ. The
questionnaire was also converted to an online format to allow its administration to large samples
of athletes. The results indicate the modification and online conversion of the DHAQ were
reasonably successful, and following several further adjustments, the questionnaire will be
appropriate for continued use.
The majority of items within the updated online DHAQ received test-retest reliability
ratings of very good or good, reaching acceptable standards for retainment in the questionnaire.
In general, test-retest reliability for the sporting career, sporting milestones, practice history, and
places of residence sections was strong, with no additional modifications necessary for any
items. Minor modifications were suggested to address reliability issues within the representative
history and family sections of the DHAQ, while the competition history and participation in
informal, playful sporting games sections of the questionnaire were recommended to be
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removed completely due to major reliability concerns. The participation in other organised
sports section of the questionnaire failed to reach acceptable reliability standards, however, it
was recommended for retention in the DHAQ without further modification due to its
prominence in the literature as a highly influential factor on the development of sport expertise.
It is interesting that despite the removal of several sections from the original DHAQ, the
approximate completion duration for the updated, online DHAQ appears to remain at roughly
one hour. Given the improvements in test-retest reliability of the revised questionnaire, it does
not seem as though participant fatigue is a limiting factor of the revised version of the
questionnaire in the same manner that is was for the original DHAQ. This is likely related to the
reduced repetition and improved clarity of questioning in the updated, online DHAQ, as well as
the provision of the opportunity for participants to complete the questionnaire in their own time,
over multiple sessions if desired. The time stamp information obtained from the online
questionnaire host, SurveyMonkey, certainly indicates that the majority of participants chose to
complete their responses over several days, presumably in short periods at a time. The ability
for such a detailed questionnaire to be completed over multiple sessions rather than during a
single sitting appears to be a highly beneficial feature of the updated, online DHAQ, and is a
major consideration for future investigations of the development of sport expertise.
While test-retest reliability of the updated, online DHAQ improved considerably from
its initial version, a number of recurring issues surrounding reliability of recall were apparent.
First, as researchers, we often seek to advance our understanding of a topic area by exploring
increasingly specific questions. The DHAQ, in particular, attempted to address a range of
factors associated with the development of sport expertise in considerable detail. Results from
the earlier validity and reliability investigation as well as the current study indicated that athletes
could consistently recall general information regarding their involvement in sport and physical
activity and other related contextual factors, but as items became more specific, reliability of
recall decreased. For example, athletes were able to consistently identify the ages at which they
participated in competition at each of the various representative levels, but they were unable to
accurately recall the age group categories in which they competed. Similarly, while athletes
were able to consistently identify whether their immediate family members regularly
participated in general fitness activities, recreational sport, and/or competitive sport, they were
unable to accurately estimate the frequency of their family‘s participation in these activities.
Therefore, when collecting data via retrospective recall methods such as the DHAQ, at times a
compromise must be made, sacrificing level of detail, and potentially interesting information,
for trustworthy responses.
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Degree of detail was also identified as a major factor influencing accuracy of recall in
epidemiological studies, and was highlighted as an important consideration for study design and
questionnaire development in retrospective investigations (Coughlin, 1990). It is likely that two
main factors contribute to these limitations in specificity of memory recall. First, as explained
by Williams et al. (2007) in a review of autobiographical memory specificity, several theories of
memory retrieval suggest that memories are stored in a hierarchical fashion, with event
representations organised from more general to more specific. Williams et al. (2007) go on to
indicate that general event representations are assumed to be the ―pr
eferred or default level of
access into the autobiographical memory knowledge base‖ (p. 131). Based on this hierarchical
storage system, it appears that additional activation processes are required to access more
specific memories. So, in the case of the DHAQ, it is possible that athletes were either
experiencing difficulties accessing these more specific memories, and/or curtailed their search
for more specific information in order to move on to the next item in the questionnaire more
quickly. Alternatively, limitations in specificity of memory recall may be associated with the
encoding and storage of information in the first place. Indeed, Tulving and Thomson (1973)
emphasised that remembering involves an interaction of ―i
nformation stored in the past and
information present in the immediate cognitive environment of the rememberer‖ (p. 352).
Moreover, event significance has been associated with accuracy of recall in previous research
(Coughlin, 1990). Therefore, it is possible that at the time of occurrence, such specific details of
sport involvement were not considered to be significant to the athlete, so the information may
not have been encoded into memory in the first instance. As such, it is possible that athletes
were simply guessing their responses to some of the more specific items within the
questionnaire opposed to actually recalling the information from memory.
As a result of limitations relating to specificity of memory recall, several compromises
were made within the DHAQ where items that could have provided novel contributions to our
understanding of sport expertise development were simplified or removed from the
questionnaire because athletes were unable to respond consistently. The specificity of
information that can be reliably recalled is an important limitation to consider when conducting
retrospective research, with the results from the present study highlighting the importance of
confirming validity and reliability for all items within retrospective measurement instruments
and not just several general representative measures.
A second recurring reliability concern was the discrepancy between reliability of recall
for structured versus unstructured sporting activities. Although test-retest reliability for the
practice history section of the questionnaire was generally very good and no further
modifications were required, recall for details of participation in supervised practice activities
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tended to be slightly stronger than recall for details of participation in practice activities that
were not supervised by a coach. This was particularly true for identification of age at first
participation in the various practice activities. Similarly, athletes were able to recall the
frequency of family members‘ participation in organised sporting activities during the time
living together with greater consistency than frequency of participation in general fitness
activities and recreational sport, which are presumably less structured. Most notably, reliability
of the participation in informal playful sporting games section of the questionnaire was
exceptionally weak, with almost all items rated as having poor test-retest reliability.
Organised sports and supervised practice activities are typically scheduled on a regular
basis, at a set time, for a fixed duration. As such, they become part of a routine, which appears
to become consolidated in long-term memory. On the other hand, unsupervised, unstructured
sporting activities are typically self-directed and spontaneous. The timing and duration of
unstructured sporting activities tend to be irregular, so participation is less habitual, hence more
difficult to recall with accuracy. Therefore, while participation in unsupervised, unstructured
sporting activities may be a critical factor contributing to the development of sport expertise, the
results of this study suggest that retrospective recall is not a suitable method for collecting this
information. Alternative approaches such as activity diaries and longitudinal monitoring should
be considered as more appropriate methods for exploring associations between sport expertise
development and participation in unstructured, unsupervised sporting activities.
Not only does this finding have important implications for future research, but also for
our current understanding of relationships between sport expertise and participation in
unsupervised, unstructured sporting activities such as deliberate play (Baker et al., 2003b; Berry
et al., 2008; Ford et al., 2009; Soberlak & Côté, 2003) and self-directed practice (Baker et al.,
2003a; Helsen et al., 1998; Hodge & Deakin, 1998; Hodges & Starkes, 1996). Since past
investigations of sport expertise development involving retrospective recall techniques have
involved significantly less detailed validity and reliability assessments compared to the DHAQ,
the reported psychometrics of earlier measurement instruments may be misleading.
Consequently, our interpretation and application of previous results could potentially be
misguided. Therefore, the need for suitable, robust approaches for collecting information
relating to participation in unsupervised, unstructured sporting activities is especially pertinent,
in order to clarify the associations between involvement in these activities and the development
of sport expertise. That the findings of the current study have implications for both the conduct
of future research and our understanding of past research is particularly noteworthy.
Although considered structured sporting activities, recurring reliability issues were also
apparent within the competition history and other organised sports sections of the DHAQ. The
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competition section of the updated, online questionnaire was considerably different to the initial
version because the original DHAQ failed to cater to the complexity of competition
involvement. While the modifications led to significant improvements in the reporting of
competition history information, recall of participation in regular season format competitions
was still highly inconsistent, particularly during the teenage years.
The format and scheduling of competitions varies considerably between sports and even
within sports the format and scheduling of competitions often differs depending upon
representative level. It is, therefore, difficult to attend to the intricacies of competition
involvement within a generic questionnaire. It is acknowledged that, while beneficial in many
respects, a non sport-specific questionnaire may actually restrict reliability of recall for certain
information as sport-specific subtleties may not be sufficiently addressed. As a result,
participants may experience difficulty applying the generic items to their sport, decreasing the
accuracy with which they are able to respond. The strong test-retest reliability results for the
practice history section of the DHAQ indicate this is not a problem when reporting details of
involvement in practice activities, but it is possible that the generic nature of the questionnaire
may be contributing to the poor recall of involvement in competition activities. It is also
possible that, like unstructured sporting activities, the scheduling of competitions is too irregular
to report with an acceptable degree of consistency. This is especially likely during the teenage
years when athletes are competing for several different teams at a range of representative levels
simultaneously, leading to a complex competition schedule.
Patterns of participation in competition and the balance of practice and competition
activities associated with sport expertise would be a very interesting area to explore, but it does
not appear that the DHAQ is an appropriate tool for collecting this information. Further efforts
are therefore required to establish a more suitable approach for examining competition
involvement and the development of sport expertise. It appears as though a sport-specific
questionnaire for the collection of competition history information may be required in order to
ensure the acquisition of meaningful, trustworthy data.
A particularly notable recurring reliability issue was apparent within the participation in
other organised sports section of the questionnaire, which has important implications for our
understanding of the role diversification plays in the development of sport expertise. A number
of previous investigations have explored associations between participation in organised sports
and the attainment of sport expertise (Baker et al., 2003b; Berry et al., 2008; Memmert et al.,
2010; Moesch et al. 2011; Oldenziel et al., 2003; Soberlak & Côté, 2003). While reliability
checks were incorporated into the majority of these investigations, these checks were typically
restricted to the total number of sports athletes participated in and total cumulative hours of
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involvement in all sports combined. In most cases, reliability for these measures met reliability
standards, but the results from our study indicate that these measures may be misleading.
Both validity and reliability assessments of the DHAQ revealed that although reliability
for the total number of organised sports reported was good, very few athletes provided the same
list of sports on both test occasions. In the current study, only 35% of participants provided the
same list of sports on both test occasions, while 10% of participants provided two completely
different lists of sports on each test occasion. The remaining participants tended to list one or
two sports on both test occasions, plus several sports on one occasion but not the other. As
athletes appear to be inconsistent in their identification of the sports in which they have
participated, the value for total number of sports has the potential to be highly misleading.
Additionally, if different sports are reported on each test occasion, reliability for total
cumulative hours of involvement in all organised sports combined will also be misleading,
because hours of participation in different sports will contribute to the overall cumulative value.
Consequently, if reliability checks were not conducted on the particular sport types
identified within previous investigations of diversification and sport expertise development, we
cannot be completely confident in the accuracy of the data presented, and hence must interpret
the results with caution. Since discussions relating to reliability of recall within the majority of
previous investigations were typically quite brief, it is unclear whether reliability checks on
sport types were conducted. Therefore, in the future, it is imperative that researchers are
particularly vigilant in confirming reliability of recall for sport type, as well as reliability of
measures pertaining to hours of involvement and highest level of competition reached in other
organised sports, before further analyses are conducted on the data.
Although not evident during the validation of the original DHAQ, an additional
reliability concern from the current study is noteworthy. Within each of the practice history,
competition history, and participation in other organised sport sections of the questionnaire, it
was observed that while test-retest reliability for hours of participation in a variety of activities
per year was classified as very good or good, test-retest reliability for total cumulative hours of
involvement was only moderate or poor. This was most apparent for activities in which hours of
involvement per year were relatively low. As explained earlier, the discrepancy in reliability
ratings occurs because when values for hours of involvement are low, the percent difference
between responses from one test occasion to the next is small; however, as the magnitude of the
values increases, differences become more noticeable. So, when all hours per year are added to
provide a total cumulative value for hours of involvement in the activity overall, the initially
small differences accumulate into a larger difference, at times resulting in a lower reliability
classification. In light of this finding, it is important to be aware that information pertaining to
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details of involvement in particular sporting activities is likely to be more reliable on an age-byage basis than as a cumulative measure across an extended period of time. Therefore, when
interpreting results concerning hours of participation in sporting activities, greater weight should
be placed on analysis of hours of involvement per year rather than total cumulative hours of
involvement overall.
At this point it is important to acknowledge a major limitation of this phase of the
investigation. Following implementation of the recommended amendments, the updated, online
DHAQ will have established test-retest reliability for all items; however, validity of this version
of the questionnaire has not been determined. Due to the extensive procedures involved in
assessing concurrent validity and convergent validity with parents and coaches, a complete
validation of the updated, online DHAQ was outside the scope of this thesis. Given the general
similarity in test-retest reliability and concurrent validity results during the initial validation of
the original DHAQ, it could be expected that concurrent validity of the updated, online DHAQ
would also be acceptable; however, it is important to confirm this assumption in the future.
Similarly, despite limitations discussed during the initial validation of the original DHAQ
regarding the suitability of parents and coaches as sources of validation for some developmental
history information, it would also be important to confirm convergent validity with parents and
coaches for appropriate sections of the questionnaire. Therefore, despite marked improvements
in the test-retest reliability of the DHAQ, further validation testing is required before it can be
said that the tool has established validity and reliability for all items.
More positively, as the participant sample recruited for this investigation of test-retest
reliability of the updated, online DHAQ included athletes from two countries, a range of skill
levels, and a variety of sports, it could be assumed that the results obtained are generalisable
across a diverse range of participants. Hence, it is not unreasonable to suggest that following
implementation of the suggested modifications, the DHAQ could be considered a reliable
measurement tool for the collection of athlete developmental history information from athletes
of any sport and any skill level. However, more deliberate attempts to affirm this statement are
required. While individual differences in memory recall abilities are likely (Rubin, 1988; 1995),
it is not expected that inter-individual variability in the ability to recall autobiographical
information would differ greatly between athletes from different sports. Expert performance
though, has been associated with more efficient storage and retrieval of domain specific
knowledge in short- and long-term working memory (Ericsson & Delaney, 1998). Therefore, it
is possible that more highly skilled athletes could recall details of their sporting history with
greater ease and accuracy than lesser-skilled athletes. In fact, Starkes et al. (1996) reported
slightly stronger correlations between estimated practice hours and hours of practice recorded in
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training diaries for international level wrestlers compared to club level wrestlers. Additionally,
some associations have been found between sex and autobiographical memory (Aizpurua &
Koutstaal, 2010), with females appearing to recall autobiographical information slightly more
accurately than males. Individual differences in retrospective recall were not considered within
the current investigation, so it would be advisable to consider potential influences of skill level,
sport type, and sex on validity and reliability of recall for athlete developmental history
information in the future.
Summary and Conclusions
Regardless of the limitations discussed, test-retest reliability for the sporting career,
sporting milestones, practice history, and places of residence sections of the DHAQ reached an
acceptable standard for retention in the questionnaire without further modification. Following
minor amendments, the representative history and family sections of the DHAQ will also be
suitable for continued use. With removal of the competition history and participation in informal
playful sporting games sections of the questionnaire, the only section of the DHAQ with
questionable reliability that requires continued close monitoring is that related to participation in
other organised sports. Notwithstanding the marked improvements in test-retest reliability
however, further testing is required to confirm validity of the updated, online version of the
DHAQ.
Once the suggested recommendations are implemented, the DHAQ can be recognised
as an emergent quantitative measurement tool for the collection of detailed athlete
developmental histories, with established reliability for all items. Following the recommended
concurrent and convergent validity testing, it is proposed that the questionnaire could act as a
standard for retrospective investigations of sport expertise development, as at present, no other
athlete developmental history instrument has been subjected to such rigorous validity and
reliability assessments.
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General Discussion
This chapter provides a summary of findings, and discusses the major contributions of this
thesis.
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The aim of this thesis was to construct and validate a quantitative measurement tool for
the collection of athlete developmental histories, suitable for large scale, unsupervised data
collection. The vast literature that influenced the structure and content of the DHAQ during its
initial construction phase was described within the chapter pertaining to study phase one.
Interview guides, questionnaires, results, and recommendations of previous studies related to the
development of sport expertise were consulted and integrated into a comprehensive paper-based
questionnaire addressing participant demographics, attainment of sporting milestones, practice
and competition history, coaching history, access to and utilisation of support services, details of
involvement in other organised sports and informal playful sporting games, residential history,
familial characteristics and participation in sport and physical activity, and a record of injuries,
illness and time off.
Once constructed, the DHAQ was subjected to rigorous validation procedures to
establish concurrent validity, convergent validity, test-retest reliability, and internal consistency.
The results of this investigation, outlined in the chapter pertaining to study phase two,
highlighted a number of issues concerning validity and reliability of recall. Several of these
issues were associated with sub-optimal questionnaire design, while others were related to
limitations of memory recall. As such, recommendations were made to modify and/or
restructure particular items or sections within the questionnaire, while other items and sections
were recommended for complete removal from the DHAQ. Given the large number of
recommended modifications to the DHAQ, following implementation of the changes, reliability
was reassessed again using a test-retest design.
To facilitate unsupervised, large scale distribution of the DHAQ, the questionnaire was
also converted to an online format. Details of the modifications and online conversion of the
updated DHAQ were provided in the chapter pertaining to study phase three, and results of the
test-retest reliability investigation were discussed in the chapter related to study phase four.
While several reliability issues were still apparent and a few additional minor changes were
recommended, the majority of items in the updated, online DHAQ reached acceptable test-retest
reliability standards. It was advised, however, that further testing take place to confirm
concurrent validity and convergent validity with parents and coaches for the updated, online
version of the DHAQ, as well as to reassess test-retest reliability for items still requiring
modification. Therefore, this thesis did not completely achieve the stated aim of constructing
and validating a quantitative measurement tool for the collection of athlete developmental
histories, suitable for large scale, unsupervised data collection. The tool is, however, well on the
way to having established, acceptable validity and reliability for all items, and could be used for
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hypothesis testing investigations of sport expertise development, providing researchers conduct
appropriate validity and reliability checks with the sample at hand.
Despite the need for ongoing validity and reliability testing, this thesis still provides
three major contributions to the field of sport expertise development: 1) the creation of the
DHAQ; 2) the development of a rigorous methodology and taxonomy for assessing validity and
reliability of retrospective recall; and 3) a detailed understanding of consistency of recall for
athlete developmental history information. This chapter will focus on these three major
contributions, highlighting the novelty and significance of each. First, however, the findings of
this thesis are reviewed and discussed.
Discussion of Findings
Validity and reliability for the attainment of significant sporting milestones was
generally very good. Athletes, parents, and coaches could consistently recall the ages at which
milestones such as first participation in practice activities for main sport, specialisation in main
sport, and first relocation for reasons relating to sport were reached; and they were also able to
consistently recall ages at which athletes first participated in competition at the various
representative levels. The results from both validity and reliability investigations within this
thesis indicate that we can be confident in athlete recall of significant sporting milestones; and,
that parents and coaches are reasonable sources of validation for this information.
Athlete recall of practice history information was also quite good. During the initial
validation of the original DHAQ, concurrent validity, test-retest reliability, and internal
consistency results were mixed, but following modifications, test-retest reliability for practice
history information within the updated, online DHAQ improved considerably, and the majority
of items reached acceptable reliability standards. The improvements in athlete recall from the
original DHAQ to the updated, online DHAQ indicated that in order to facilitate accurate,
consistent recall, the item structure of the measurement tool is critical. Items relating to practice
history information within the original DHAQ appeared to be overly repetitive, resulting in
participant confusion, frustration, and boredom, which ultimately led to poor response quality.
Additionally, a number of items within the original DHAQ appeared to be too specific.
While athletes could consistently recall general details of their participation in practice
activities, as items prompted them to identify information regarding their involvement in very
specific types of practice activities, consistency of recall declined. It is likely that athletes could
not remember such specific details of their past practice schedules, and/or the composition of
practice varied over the course of the year depending upon periodisation cycles, making it
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difficult to provide ‗average‘ values for the typical number of hours engaged in these specific
practice activities each week.
As such, the practice history section of the updated DHAQ was modified to reduce
repetition, and practice activities were collapsed into fewer, more general categories. These
modifications were successful in improving recall, indicating that an appropriate balance of
generality and specificity of information was obtained. These results suggest that athletes are
able to consistently recall practice history information, providing the questions take into
consideration the specificity of the information required.
It is important to note that while the majority of items within the practice history section
of the updated, online DHAQ reached acceptable test-retest reliability standards, supervised
practice activities were recalled with slightly greater consistency than unsupervised practice
activities. As discussed on several occasions throughout this thesis, supervised practice
activities are typically scheduled at regular times for fixed durations, becoming part of a
habitual routine for the athlete. Subsequently, these activities may be easier to remember than
unsupervised practice activities that are more likely to occur spontaneously and for varied
durations.
Additionally, consistency of recall was slightly weaker during the teenage years for
several practice activities. The complexity of sport involvement during the adolescent period,
due to participation in multiple teams, age group categories, and/or other sports simultaneously,
probably results in weaker memories of this time, leading to slightly lower consistency of recall.
Therefore, while we can be reasonably confident in athlete recall of practice history information
(when data are collected via a carefully constructed instrument such as the DHAQ), it is
important to be aware that details of participation in unsupervised practice activities, and/or
details of participation in practice activities during the teenage years, might be slightly less
reliable, so they should be interpreted with care.
These results highlight the complexities of retrospective recall for practice history
information. Since consistency of recall varies according to practice type and age, simple
assessments of validity and reliability for total cumulative hours of participation in all practice
activities combined (as are common in previous investigations), are unlikely to sufficiently
reflect the accuracy of the data. Accordingly, this thesis emphasises the importance of collecting
detailed practice histories, addressing involvement in specific types of practice activities
separately; along with the necessity to conduct in-depth examinations of validity and reliability
for all responses, rather than cumulative measures or a small sample of select measures. These
findings are particularly pertinent for investigations utilising measurement tools other than the
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DHAQ, which have not been subjected to the same scrupulous validity and reliability
assessments.
In relation to parent and coach recall of athlete practice history information, the results
from the initial validation of the original DHAQ were surprising. It was expected that since
parents are usually responsible for overseeing their child‘s involvement in sporting activities
and transporting them to and from practice, convergent validity with parents would be good.
Instead, convergent validity with parents for practice history information was generally quite
poor. It is understandable that convergent validity with parents could be poor for participation in
specific practice activities, because parents may not always be aware of the particular activities
in which their child is engaging during practice sessions, especially if they do not stay and
watch their child train; however, it was anticipated that convergent validity with parents would
be good for recall of general involvement in main sport. Although convergent validity with
parents was good for attainment of sporting milestones, parental recall of details pertaining to
practice scheduling was not as strong. It may be that parents are so busy overseeing the
involvement of all their children in a variety of different activities, they cannot clearly
remember how often, and for how long each child engaged in each activity. While the reasons
cited for poor parental recall are speculative, it is apparent that parents are not an appropriate
source of validation for practice history information.
Given the discrepancies between responses, an initial question was whether athlete or
parent recall of practice history information would be more correct. Although athletes are likely
to be more vested in their sport involvement, and so would be expected to remember details of
their practice history more clearly, as mentioned earlier, parents are usually responsible for
transporting their child to and from practice, so they could also be expected to have clear
memories of their child‘s involvement in sport. Fortunately, the inclusion of coaches as a third
validation source was particularly advantageous and was a great strength of this study, as it
allowed for triangulation of the data to establish whether athlete or parent recall may be more
correct. In the case of practice history information, convergent validity with coaches was
significantly stronger than convergent validity with parents. Given the similarity between athlete
and coach responses, it could be assumed that athlete responses were more accurate than
parents‘, supporting the earlier suggestion that parents may not be appropriate sources of
validation for practice history details. Coaches, on the other hand, do appear to be suitable. The
proposed examination of convergent validity with parents and coaches for the updated, online
DHAQ will provide further insight into the suitability of parents and coaches as appropriate
sources of validation for practice history information.
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Another factor considered within the DHAQ that was recalled very consistently by both
athletes and parents was family characteristics. The only exception was recall of parent
occupation, which was found to be poor during the initial validation of the DHAQ. Since this
item was intended as a proxy indicator of socioeconomic status, during modification of the
questionnaire it was replaced with highest level of education reached to date. These measures
were selected over approximation of household income because they have been recommended
as more reliable indicators of socioeconomic status during childhood and adolescence
(Galobardes, Shaw, Lawlor; Lynch, & Smith, 2006; Hauser, 1994). Test-retest reliability for
highest level of education was very good or good for all family members, suggesting that
highest level of education is a more suitable item for inclusion within athlete developmental
history questionnaires than parental occupation when attempting to obtain socioeconomic status
information. Unfortunately, parent confirmation of highest level of education was not obtained,
so convergent validity of this information is unknown at this point, but can be confirmed during
the proposed validity assessments for the updated, online DHAQ. Note that convergent validity
with coaches was not assessed for items relating to participants‘ family members, as it was not
expected that coaches would be aware of these details.
While validity and reliability of recall for familial characteristics was strong, recall of
familial involvement in sport and physical activity was not as good. Athletes could consistently
recall whether family members had participated in various types of sport and physical activity
during the time living together, but could not provide more specific details of the frequency of
participation in each activity. Similarly, athletes could consistently identify whether family
members had participated in competitive sport during any time in their lives, but could not
consistently identify the number of sports, types of sports, or the highest level of competition
reached. Athletes were, however, consistent in recalling whether family members had ever
participated in the same sport as their main sport. Convergent validity with parents during the
initial validation of the DHAQ followed a similar trend. Therefore, we can be reasonably
confident in athlete and parent recall of familial characteristics and basic details of familial
involvement in sport and physical activity, but if required, more precise details of familial sport
participation should be obtained from each family member directly.
In the case of another contextual factor associated with athlete development, places of
residence, consistency of recall was mixed. Residences where athletes stayed for long durations
were generally recalled consistently by athletes and parents, but residences of short duration
were not. Similarly, consistency of recall for details relating to the first two towns/cities of
residence was stronger than for later residences. In the majority of cases, participants were
adults by the time they relocated to their third and subsequent residences. Therefore, in most
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instances, these later residences are likely to have been less impactful on athletes‘ development
than earlier residences during the childhood and adolescent years. Given studies of sport
expertise development typically focus on factors influencing athlete development during
childhood and adolescence, it is not of great concern that recall of places of residence
information for residences three and above was less consistent than for residences one and two.
Likewise, residences of short duration are likely to have been less impactful on athletes‘
development than residence of long duration, so the lower validity and reliability of recall for
short duration residences is also not a great concern.
Positively, details of relocations for reasons relating to sport were recalled consistently
by both athletes and parents. Therefore, it appears that recall of relocations for reasons relating
to sport can be considered trustworthy, even when these relocations were of short duration,
occurred during adulthood, and/or followed multiple prior relocations. It is interesting that
although athletes and parents consistently recalled relocations for reasons relating to sport, when
relocations were not related to sport, the reason cited was highly variable. This finding suggests
that sport-based relocations may have been definitively related to athletic development, whereas
other relocations were perhaps made for a combination of reasons including family, work, and
lifestyle. Together, these results indicate that we can be reasonably confident in athlete recall of
details pertaining to places of residence during the childhood and adolescent years, and recall of
relocations for reasons relating to sport. Interestingly, this research suggests that recall of place
of residence information during the adult years, as well as recall of details of relocations for
reasons other than sport, is questionable.
In relation to parent recall of residential information, parents were found to be suitable
for confirming details of residences only up to the point at which the athlete left the family
home. Beyond this time, convergent validity with parents became particularly poor. As coaches
are unlikely to be aware of athletes‘ residential information, alternative sources such as real
estate documents, bank statements, and/or utility records may therefore be required to validate
athlete recall, particularly for residences other than the family home in which participants were
raised.
Yet another factor displaying mixed validity and reliability of recall was competition
involvement. During validation of the initial DHAQ, the structure of the questionnaire did not
adequately cater to the complexities of competition involvement. The instrument failed to take
into consideration that there are a number of different formats of competition, competitions do
not always take place at regular intervals, and involvement in competition often includes
extended periods of time at the venue but not necessarily actively competing. For these reasons,
athletes expressed difficulty quantifying the time involved in competition. Subsequently,
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substantial changes were made to this section of the questionnaire within the updated, online
DHAQ. Although the modifications to the competition history section of the DHAQ allowed
participants to discuss their competition involvement more successfully, a number of reliability
issues remained.
Details of involvement in occasional and tournament format competition were recalled
with relatively good consistency on an age-by-age basis, but reliability of recall for details of
participation in regular season competitions was poor across a number of ages. Furthermore, all
cumulative measures of participation in competition received poor test-retest reliability ratings.
Regular season competition forms a major component of the competition schedule for many
sports, so the poor reliability for related items was a concern. It appears that recall of
competition involvement can be difficult because athletes are often competing in a range of age
group categories, at multiple representative levels, simultaneously. This results in a complex
competition schedule that seems to be difficult to recall accurately.
Competition formats and schedules also vary considerably between sports, so some
athletes reported having trouble classifying their competition involvement into the three
categories of regular season, occasional, or tournament format. Therefore, poor reliability of
recall for some aspects of competition involvement is likely related to a combination of
persistent questionnaire design problems, as well as limitations of memory recall for complex,
and/or irregular competition scheduling. Given the complex and sport specific nature of
participation in competition, a more detailed, sport specific measurement tool may be required
to accurately determine the consistency with which athletes can recall competition history
information. For the time being, however, the present results indicate that we can be reasonably
confident in athlete recall of participation in occasional and tournament format competition on
an age-by-age basis, but recall of participation in regular season competitions is questionable.
Reliability of cumulative measures of participation in each competition format, along with
details of involvement in all formats of competition combined were also problematic, so it is
recommended that researchers avoid analyses involving these values.
Unfortunately, due to the inadequate design of the original DHAQ, convergent validity
with parents and coaches for competition involvement could not be assessed. It could be
assumed that parent and coach recall for details of participation in competition would follow the
same trend as practice activities, with coaches representing more suitable sources of validation
for this information than parents, but further study is required to confirm this supposition. Given
the difficulties reported relating to athlete recall of details of participation in competition,
additional sources of validation should also be explored, including training diaries, results
archives, newspaper clippings, and awards.
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Two factors associated with sport expertise development that were recalled with
unexpectedly poor consistency were details of participation in organised sports other than main
sport, and details of participation in informal playful sporting games. The relatively poor
validity and reliability of recall for participation in organised sports other than main sport was
particularly surprising given previous investigations have reported acceptable reliability of
recall for this information (Baker et al., 2003b; Berry et al., 2008; Memmert et al., 2010;
Soberlak & Côté, 2003). It is believed that the more thorough validity and reliability
assessments conducted in the present series of studies is likely responsible for the differences in
reported results.
For example, total number of sports played, and total cumulative hours of participation
in all other organised sports combined are the main measures typically examined for reliability
and validity. While the current studies also displayed good validity and reliability of recall for
total number of organised sports, close inspection of the types of sports reported revealed
incongruent lists between athletes and parents, as well as between the various athlete test
occasions. Therefore, the value for total number of sports in which athletes participated, and
subsequently total hours of participation in all other organised sports combined, is highly
misleading. The limited information provided in previous investigations regarding validation
procedures and results makes it unclear whether such checks were carried out; however, the
current findings highlight the necessity for rigorous assessments of validity and reliability when
collecting data via retrospective recall methods. The findings suggest that the selection of only a
few key measures to represent validity and reliability of the complete data set can be deceiving,
and either more comprehensive checks, or rigorously validated instruments such as the DHAQ,
should be used where possible.
Furthermore, the results indicate that recall of participation in other organised sports is
questionable. The data indicated that athletes had sampled several sports during childhood and
adolescence, some for only one or two seasons. Therefore, it is possible that athletes and parents
did not always mention sports they only participated in for a short period of time, perhaps
because their involvement seemed insignificant compared to their main sport. Either participants
forgot to mention these short duration sports, or they did not feel that these sports were worth
mentioning because their involvement was so brief. This could explain the discrepancies in
sports reported between test occasions. Similarly, details of involvement in activities of low
significance to participants are likely to be more difficult to remember, so this could explain the
sometimes low consistency of recall for details of participation in sports that were reported.
Indeed, the salience of an event was highlighted by both Coughlin (1990) and Dex
(1995) as a major factor influencing recall error; plus, investigations of accuracy of recall for
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occupational history information have noted positive associations between recall and
employment duration, but negative associations between recall and number of jobs held
(Coughlin, 1990). Therefore, the observed results relating to recall of participation in other
organised sports are perhaps not so surprising, particularly if athletes have engaged in a high
level of sport sampling.
Nevertheless, in order to provide accurate advice to athletes, coaches, and parents
regarding the role of diversification in the development of sport expertise, the quality of data
collected in this area must be improved. Although longitudinal research would alleviate issues
related to reliability of recall, such designs are often not practical due to time and financial
demands (Brown, Cozby, Kee, Worden, 1999) not to mention the difficulties associated with
ensuring participant samples contain sufficient athletes who go on to achieve elite status
(Sosniak, 2006). As such, attempts must be made to improve reliability of retrospective recall
for participation in other organised sports. While records of participation such as training
diaries, enrolment papers, photographs, awards, and/or results archives might be useful to assist
and/or validate recall of this information, it is also recommended that researchers re-examine
diversification in the context of sport expertise development.
It is proposed that discussions and further research are required to identify clear criteria
for identifying which other sports an athlete may have participated in that warrant reporting in
studies of athlete development. Potential criteria could relate to overall duration of participation,
average hours of practice per week, level of representation reached, and/or elements of transfer.
Following the introduction of minimum requirements for reporting involvement in other
organised sports when collecting athlete developmental histories, it is expected that reliability of
recall for this information will improve, since only sports of relative significance will be
addressed. In the meantime, however, it is important to be aware of the limitations associated
with athlete and parent recall of participation in organised sports other than main sport, and to
interpret related results with caution.
Similarly, researchers should be cautious interpreting results related to participation in
informal, playful sporting games. Although a number of studies have investigated associations
between participation in informal, playful sporting games (often referred to as deliberate play),
and the development of sport expertise (Baker et al., 2003b; Berry et al., 2008; Ford et al., 2009;
Memmert et al., 2010; Soberlak & Côté, 2003), only two reported results pertaining to reliability
of recall for details of participation in these activities (Memmert et al., 2010; Soberlak & Côté
2003). Both of these studies reported acceptable validity and reliability of recall for total hours
of involvement in playful sporting games; however, the majority of investigations have typically
examined the role of play among a range of other variables, only reporting validity and
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reliability results for a selection of measures, and not usually those related to sporting play. The
present series of studies examined validity and reliability of recall for details related to
participation in informal, playful sporting games in great depth, and results indicated that
recollection of this information by both athletes and parents was exceptionally poor.
Poor recall of participation in informal, playful sporting games is likely related to the
spontaneous, irregular, and highly variable nature of these activities. Play is not typically
scheduled, the duration of sessions is not usually fixed, and the types of activities in which
participants engage can vary not only between sessions, but also within sessions. The everchanging, unstructured nature of play appears to make details of participation very difficult to
recall with consistency. In addition, youth often engage in these types of activities without direct
supervision from an adult, further contributing to the poor convergent validity with parents. Play
can occur in the back yard, the school yard, the street, or at neighbourhood parks and facilities
(Baker & Côté, 2005). Participation in play does not always require resources such as transport,
equipment, or financial support, so parents will not always be aware of specific details of their
child‘s involvement in play. Therefore, it is unrealistic to expect parents to provide accurate
accounts of the total time their children engaged in sporting play during a typical week, or the
types of games they typically played.
Although participation in informal, playful sporting games may be an important
contributor to sport expertise, we cannot be confident in the accuracy of retrospective recall for
this information. As such, to investigate associations between involvement in sporting play and
the development of expertise, longitudinal, prospective experimental designs, in which details of
participation in sporting games are recorded in activity diaries, may provide the only suitable
method of data collection for this information. It is expected that activity diaries would result in
more accurate accounts of details such as time engaged in play, games played, who participants
played with, and where they played, so this approach should be explored in the future.
A number of additional factors thought to be associated with the development of sport
expertise were addressed within the original DHAQ, but excluded from the updated version due
to poor validity/reliability of recall, and/or because the factor appeared to be too complex to
address within a quantitative multidimensional developmental history questionnaire such as the
DHAQ. Factors such as coaching, sport science/sport medicine support services, and adverse
events including injuries and illness were acknowledged as influential on athlete development,
so were incorporated into the original DHAQ; however, it was found that they were not
addressed in sufficient detail to provide a meaningful contribution to the literature regarding the
role they play in the development of sport expertise. Additionally, validity and reliability of
recall for these items were generally quite weak. Rather than modify and expand these sections
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to attempt to both improve validity and reliability of recall and collect more detailed
information, a decision was made to remove them completely to keep the DHAQ at a practical
length for participants to complete. As such, although validity and reliability of recall for these
sections was not strong within the current study, further investigations involving more detailed
instruments are required in order to be certain of the consistency with which athletes, parents,
and coaches can recall information pertaining to coaching history, access to, and utilisation of,
support services, as well as injury and illness history.
Major Contributions
The methodological approach and results of this thesis provide three major
contributions to the field of sport expertise development. Notably, these contributions extend
beyond athlete development into domains such as public health, medicine, psychology, and
memory. The contributions of this thesis to our understanding of the development of sport
expertise plus potential applications to additional areas of research are discussed in detail below.
Major Contribution One: The Creation of the Developmental History of Athletes
Questionnaire
Many previous investigations have created measurement tools for the collection of
athlete developmental history information (Carlson, 1988; Côté, 1999; Côté et al. 2005; Durand
Bush & Salmela, 2005; Gibbons et al., 2002; Hodges & Starkes, 1996; Moesch et al., 2011;
Oldenziel et al., 2003; Phillips et al., 2010a; Soberlak & Côté, 2003; Ward et al., 2007;
Weissensteiner et al., 2009). While the majority of these tools were subjected to reliability
and/or validity assessments, consistency of recall was typically only assessed on a small sample
of items. One unique feature of the DHAQ is that validity and/or reliability was assessed for all
items, as well as for a number of additional measures obtained via calculations involving a
combination of responses. Very few, if any, athlete developmental history questionnaires or
interview guides have been examined with such scrutiny prior to use, rendering the DHAQ
perhaps the most strongly validated athlete developmental history questionnaire available. This
can be said about the DHAQ even now in its current format, before the proposed amendments
are made and the recommended assessments to confirm validity for the updated, online version
of the DHAQ are conducted.
A second unique feature of the DHAQ is its online format. Traditionally, studies of
sport expertise development have involved either one-on-one data collection in the form of
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qualitative interviews (Baker et al., 2003a; Baker et al., 2003b; Baker et al., 2005; Berry et al.,
2008; Bloom, 1985; Carlson, 1988; Côté, 1999; Durand-Bush & Salmela, 2002; Law et al.,
2007; Phillips et al., 2010a; Soberlak & Côté, 2003; Weissensteiner et al., 2009), or distribution
of a paper-based questionnaire. Paper-based questionnaires can be completed during supervised
data collection sessions (Oldenziel et al., 2003; Ward et al., 2007); administered directly by a
researcher/representative, but completed unsupervised and returned by hand (Ford & Williams,
2008; Hodges & Starkes, 1996; Memmert et al., 2010; Oldenziel et al., 2003; Starkes et al.
1996); or distributed and returned via mail (Gibbons et al., 2002; Hodges & Starkes, 1996;
Oldenziel et al., 2003). Supervised data collection methods and approaches involving some
degree of face-to-face interaction with participants limit the potential sample size of the
investigation, and mail-based questionnaires incur additional expenses and time considerations.
An online questionnaire circumvents these limitations, allowing for administration to
large sample sizes in a cost-effective and timely manner. As outlined within earlier discussions
of study phase three, additional benefits of online data collection methods include: semiautomated participant management procedures including informed consent, completion
instructions, and distribution of reminder and thank you emails; personalised completion of the
questionnaire via the ability to automatically direct participants to the next relevant item; and
semi-automated data entry and analysis procedures through direct export of responses to an
external database. With the increasing ease of access to the Internet, web-based data collection
is becoming a more viable, attractive alternative to face-to-face and mail-based methods,
particularly for investigations involving large sample sizes. The current series of studies, plus a
recent investigation of patterns of sport specialisation in Danish athletes that also utilised a webbased practice history questionnaire (Moesch et al. 2011), suggest that online data collection
methods are suitable for obtaining athlete developmental history information, and may represent
a methodological shift within the field of sport expertise development.
Yet another key feature of the DHAQ is the wide-ranging scope of the questionnaire.
Addressed within the updated, online DHAQ are participant demographics, the attainment of
sporting career milestones, pathways of progression through various representative levels of
competition, a comprehensive practice history, details of participation in other organised sports,
familial characteristics and participation in sport and physical activity, and places of residence.
Therefore, in reference to the four major approaches to research examining the development of
sport expertise outlined in the introduction to this thesis, the DHAQ will facilitate investigations
of the contributions of practice to sport expertise development, the role of environmental and
contextual factors in the development of sport expertise, and multi-factorial studies of sport
expertise development as well. It is, however, acknowledged that there are a number of other
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factors associated with the development of sport expertise which are not addressed within the
DHAQ; for example, genetics (Bouchard, Malina, and Perusse, 1997; Puthucheary et al. 2011;
Singer & Janelle, 1999; Tucker & Collins, 2012), psychological skills and attributes (Gould,
Dieffenbach, & Moffett, 2002; Gould, Eklund, & Jackson, 1992; Orlick & Partington, 1988;
Weissensteiner Abernethy, Farrow, & Gross, 2012), coaching (Bloom, 1985; Côté, Salmela,
Trudel, Baria, & Russell, 1995; Deakin & Cobley, 2003; Durand-Bush & Salmela 2002;
Oldenziel et al., 2003), and even chance factors (Gagné, 2004), to name just a few.
Nevertheless, the DHAQ incorporates a sufficient number of key practice-related and
environmental / contextual contributors to the development of sport expertise to conduct indepth examinations of associations between sport expertise and these factors in isolation, as well
as to explore a variety of interactions between these key components. At the same time, the
length of the DHAQ does not place an overly onerous time demand on participants. The DHAQ
therefore provides a balance between scientific rigour and participant considerations for
completion, resulting in an informative, yet practical measurement tool. Considerations such as
time and convenience are critical when conducting research in the high performance sport
setting, as athletes have demanding practice and competition schedules. This balance was,
therefore, paramount in the construction and modification of the DHAQ.
In summary, the DHAQ is emerging as a practical yet comprehensive and robust
measurement tool for the collection of athlete developmental histories. Once the validation
process is complete, the DHAQ will be able to be utilised for a wide variety of investigations
related to the development of sport expertise. Furthermore, with the advantage of established
validity and reliability, it is possible the DHAQ could become the measurement standard for
athlete developmental history information. A strongly validated, standardised measurement tool
such as the DHAQ will eliminate the need for researchers to conduct their own validity and
reliability assessments, affording greater time and resources for data collection. It will also
allow for direct comparison of results between studies, advancing our understanding of the
development of sport expertise more efficiently and effectively.
Major Contribution Two: The Development of a Rigorous Methodology and Taxonomy
for Assessing Validity and Reliability of Retrospective Recall
In addition to the construction of the DHAQ, several additional contributions to the
field of sport expertise development emerged from the validity and reliability assessments. The
first of these contributions was the development of a rigorous methodology and taxonomy for
assessing validity and reliability of retrospective recall.
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Upon review of the sport expertise development literature, it became apparent that the
statistical tests typically used to examine validity and/or reliability of retrospective recall were
perhaps, not the most appropriate given the nature of the data. As explained in greater detail
during earlier discussions of study phase two, the most common statistical approach adopted for
assessing validity and/or reliability of recall for athlete developmental history information was
to calculate the Pearson product moment correlation (Baker et al., 2003a; Baker et al., 2003b;
Baker et al., 2005; Berry et al., 2008; Côté et al., 2005; Helsen et al., 1998; Hodges & Starkes,
1996; Memmert et al., 2010; Oldenziel et al., 2003; Ward et al., 2007); however, this type of
correlation is best suited for assessing the relationship between two different variables
(Haggard, 1958). Intraclass correlations, on the other hand, are more suitable for assessing the
relationship between two measurements of the same variable (Haggard, 1958). Therefore, when
examining validity and/or reliability of recall, the ICC is a more accurate indicator of the
strength of the association between multiple responses than the Pearson correlation coefficient.
Despite this, the ICC still does not provide an accurate indication of the absolute
similarity of responses (Bland & Altman, 1986; Costa-Santos et al., 2011; Kottner & Dassen,
2008). Plus, ICCs are only suitable for continuous variables (Müller & Büttner, 1994), and
many items within the DHAQ involved categorical responses. Thus, PA values were calculated
for all items, both categorical and continuous. PA or percent difference values have been
utilised to assess validity and/or reliability in several studies of sport expertise development
(Baker et al., 2005; Law et al., 2007; MacDonald et al., 2009; Memmert et al., 2010; Soberlak &
Côté, 2003), however, the use of these statistics are far less common than the Pearson product
moment correlation. Even less common is the use of multiple statistical methods to assess
validity and/or reliability in the field of sport expertise [see Ford and Williams (2008) for an
exception], despite this approach being recommended in many other domains including nursing,
medicine, and sports medicine (Atkinson and Neville, 1998; Kottner & Dassen, 2008; Kottner et
al., 2011). While both PAs and ICCs were calculated for continuous variables in the current
series of studies, absolute agreement was considered more important than relative consistency;
so, when rating validity and reliability, PA values were weighted more heavily than ICCs.
A second observation from the literature on assessment of validity and reliability was
the lack of a standard scale for interpreting the strength of ICCs and PA values. For example, in
one case, a PA of 70% was considered to be ‗reasonable agreement‘ (Baker et al., 2005),
whereas, in another study, a PA of 72% was described as ‗less reliable‘ (MacDonald et al.,
2009). Similarly, one investigation suggested that reliability was ‗good‘ if the ICC was .90 or
above (Lemmink et al., 2004), while another indicated that an ICC of .65 or above represented
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‗good‘ reliability (Costa-Santos et al., 2011). Therefore, it was apparent that strict criteria for
interpreting PA and ICC values were required.
Furthermore, since a combination of PA and ICC statistics were deemed to be the most
appropriate approach for assessing validity and reliability of recall for continuous variables in
the current series of studies, a classification system encompassing both values was also
necessary. Hence, comprehensive criteria for classifying PA values, ICCs, and both in
combination were established (see chapter related to study phase two and Table 2 for a more
detailed description of the proposed criteria and classification systems). This classification
system was then utilised to determine the suitability of items for retention in the DHAQ, with
items receiving validity/reliability classifications of very good or good considered suitable for
retention, while items displaying moderate or poor validity/reliability were recommended for
modification or removal.
The establishment and adoption of strict criteria for determining acceptable validity
and/or reliability prior to data collection is a unique feature and great strength of this series of
studies. Not only were all items within the DHAQ assessed for validity and/or reliability, but all
were exposed to the same objective classification criteria to determine suitability for retention in
the questionnaire. Of considerable importance, however, is that the methodology and taxonomy
developed can be extended beyond the DHAQ and adopted in other studies examining validity
and/or reliability of measurement.
It is acknowledged that the range of acceptable variability when assessing validity and
reliability may differ depending upon the nature of the measurement, hence, it is suggested that
the methodology and taxonomy proposed in this work is most suitable for assessing validity and
reliability of recall for athlete developmental history information; however, it is likely that the
same approach could be adopted for assessing validity and reliability of recall for lifetime
physical activity behaviours in a variety of health-related investigations. It is also possible that
the methodology and taxonomy could be used as a template, and adapted for use in other
domains requiring alternative ranges of acceptable variability, for example, medicine and
clinical psychology. It is, therefore, particularly noteworthy that this thesis has the potential to
contribute to fields outside of the primary domain of sport expertise development.
Major Contribution Three: A Detailed Understanding of Consistency of Recall for Athlete
Developmental History Information
A further contribution arising from the validity and reliability assessments was an indepth understanding of consistency of recall for athlete developmental history information.
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These findings relate not only to athlete recall, but also to parent and coach recall of athlete
developmental history information. Parents and coaches are occasionally used as sources of
validation for athlete recall (Baker et al., 2003a; Baker et al., 2003b; Berry et al., 2008; Côté,
1999; Côté et al., 2005; Durand-Bush & Salmela, 2002; Law et al., 2007; Oldenziel et al., 2003;
Soberlak & Côté, 2003), hence, it is important to address the suitability of these sources for
future investigations. The detailed validity and reliability assessments conducted on both the
original and updated, online DHAQ provide considerable insight into the factors athletes,
parents, and coaches could recall with acceptable consistency, those for which recall was
questionable, and those for which retrospective recall was so poor that alternative data
collection methods should be explored.
The results of the current series of studies indicate that we can be reasonably confident
in athlete recall of sporting milestones, practice history, representative history, residential
history, as well as family characteristics and basic details of familial participation in sport and
physical activity. Athlete recall of more specific details of familial participation in sport and
physical activity such as frequency of participation in various physical activities, types of sports
family members have played, and highest level of competition reached is more questionable, as
is detailed competition history information, and details of participation in other organised sports.
Furthermore, athlete recall for details of participation in informal, playful sporting games was
unacceptable. Alternative methods of data collection for information relating to factors for
which athlete recall is questionable or unacceptable should be explored in future investigations.
The results also suggest that parents are suitable sources of validation for sporting
milestones, residential history, and familial characteristics and involvement in sport and
physical activity. Parents are not, however, suitable sources of validation for practice and
competition history information or details of participation in other organised sports or informal,
playful sporting games. Coaches appear to be more appropriate sources of validation for
practice history details, competition history information, and sporting milestones achieved
during the time working with the athlete, but coaches are not expected to be aware of athlete
developmental history information concerning factors outside of the practice and competition
environment.
These insights into the consistency with which athlete developmental history
information can be recalled are the direct result of exposing the DHAQ to thorough validity and
reliability procedures prior to utilisation of the measurement tool in examinations of sport
expertise development. Future investigations involving retrospective recall of athlete
developmental histories either via the DHAQ or alternative measurement instruments should
carefully consider these findings during the study design, data collection, and data interpretation
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phases of research to ensure trustworthy reporting of results. Furthermore, these findings may
also be interesting to researchers and practitioners concerned with autobiographical memory
(Rubin, 1986), as they contribute to our understanding of the content of long-term human
memory, the temporal organisation of memories for events and participation in extra-curricular
activities such as sport, and parental recall for biographical information relating to their child.
Summary
The creation of the DHAQ and the development of a rigorous methodology and
taxonomy for assessing validity and reliability of retrospective recall represent major
methodological contributions of this thesis to the field of sport expertise development and
beyond. Moreover, the contribution of a detailed understanding of consistency of recall for
athlete developmental history information extends our theoretical understanding in this area.
Given the broad nature of these contributions, and the relevance of the current findings both
within and beyond the domain of sport expertise development, a wide range of potential
directions for future research emerge from this dissertation. Several key areas for future research
are discussed in the next chapter.
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Future Directions
This chapter outlines potential areas for future research based upon the results and
recommendations of this thesis.
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Following implementation of the few suggested modifications to the questionnaire, the
DHAQ could be considered suitable for use in hypothesis testing investigations related to the
development of sport expertise; however, until the recommended concurrent and convergent
validity testing is complete, researchers would be required to conduct their own validity checks
with the sample at hand. Sections retained within the DHAQ include participant demographics,
sporting career and milestones, representative history, practice history, participation in other
organised sports, familial characteristics and participation in sport and physical activity, and
residential history. Therefore, the DHAQ could be utilised for a wide range of investigations
pertaining to associations between sport expertise and these factors.
For example, the questionnaire could be completed by athletes of varying skill levels to
identify factors that differentiate more highly skilled athletes from lesser skilled athletes; or it
could be completed by athletes from different sports to identify characteristics of expertise
development that may be sport-specific, those that may be common across groups of similar
sports, and those that may be generalised across all sports. Furthermore, the questionnaire could
be completed by athletes from different communities, cultures, or countries to explore
geographical, cultural, and/or societal differences in sport expertise development. Sex-based
differences in athlete development pathways could also be examined.
Investigations utilising the DHAQ could be multidimensional, exploring interactions
between a number of factors associated with sport expertise development, or one-dimensional,
examining a single influence. As such, it is suggested that the DHAQ could be administered in
its entirety, or particular sections of the questionnaire could be selected for more specific
research questions involving only one or several of the aspects addressed. Not only would
segmenting the questionnaire have the advantage of eliminating irrelevant items and reducing
participant requirements during data collection, but it would also allow the DHAQ to be utilised
for investigations in areas other than sport expertise development. For example, the familial
characteristics and participation in sport and physical activity section could be incorporated into
studies examining predictors of health and physical activity beliefs and behaviours; the
participation in organised sports section could be utilised within investigations of physical
literacy in youth; or the practice history section could be adopted for studies exploring
contributors to sports injuries1.
The scope of the questionnaire is therefore not limited to the field of sport expertise
development. However, within this field, it is expected the DHAQ will be utilised for large scale
1

The DHAQ is already beginning to receive international recognition, with research groups from
Australia, Canada, Germany, and Iran requesting to utilise the questionnaire for a variety of investigations
ranging from studies of talent development to associations between sport involvement and perceptions of
body image.
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examinations of factors associated with superior sports performance, as well as for examinations
of interactions between these factors. For example, relationships between familial involvement
in the same sport as the athlete, attainment of sporting milestones, and rate of progression
through the various representative levels could be explored to identify whether family history of
involvement in the same sport is associated with accelerated athlete development. Similarly,
associations between city size and number of organised sports in which athletes participated
could be examined to explore diversification as a potential mechanism for the birthplace effect
(Carlson, 1998; Côté et al., 2006; MacDonald, Cheung, Côté, & Abernethy, 2009). The
multidimensional nature of the questionnaire is a great strength of the DHAQ as it leads to vast
potential for use in a wide range of investigations, both within and outside the field of sport
expertise development.
As alluded to in the introduction to this thesis, it would also be interesting to examine
the predictive validity of the DHAQ through longitudinal studies of sport expertise
development. In these studies, athletes identified as demonstrating potential for future success in
their sport at the open international level could be administered the questionnaire upon selection
to an elite development training program, then tracked over a period of time. The previously
collected developmental history profiles of athletes who ultimately succeeded at the open
international level could be compared to the profiles of those athletes who were less successful,
in order to identify any differentiating factors between the groups that were evident at the earlier
stage of their careers. If any measures incorporated within the DHAQ were identified as having
strong predictive validity for eventual attainment of sport expertise, this could have major
implications for talent identification and athlete selection procedures.
It is important to highlight that the DHAQ should be considered an evolving
measurement tool with the capacity to be updated regularly according to advances in our
understanding of the development of sport expertise. It is possible that following large scale
examinations, certain factors may be deemed inconsequential to sport expertise development,
and hence may be removed from the questionnaire. Alternatively, new factors may emerge as
critical influences on athlete development, warranting inclusion as a new section within the
DHAQ. Ongoing validity and reliability assessments are also recommended to ensure the
DHAQ remains a trustworthy tool for the collection of athlete developmental history
information. Minor edits may therefore be required following continued validity and reliability
procedures. It is expected that any future amendments to the DHAQ will be documented and
published to avoid confusion related to reporting of results obtained from different versions of
the questionnaire.
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Relating to issues of validity and reliability, additional future directions concern
continued efforts to collect valid, reliable information pertaining to competition history,
participation in informal playful sporting games, and detailed familial sport histories. While
recognised as important influences on the development of sport expertise, retrospective recall of
these details within the DHAQ was relatively poor, so alternative methods of data collection are
required. For the collection of competition history information, retrospective recall may still be
a viable method of data collection; however, since it was apparent the DHAQ did not adequately
address the complexity of competition involvement, more detailed sport-specific questionnaires
should be developed and evaluated.
Given the concerns raised regarding retrospective recall of irregular, unstructured
activities such as sporting play, it is suggested that collection of data relating to involvement in
these games be restricted to longitudinal, prospective designs in which subjects record details of
their participation in real time. Further investigation is therefore required to assess the
appropriateness of such designs for the collection of this information.
Lastly, while retrospective recall may be the only suitable approach for collection of
detailed familial sporting history information, particularly for parents and older siblings, it
appears that rather than relying on athlete recall, direct consultation with family members may
be required to obtain accurate data. Since athlete recall of familial sporting history did not reach
acceptable standards, experimental designs involving administration of questionnaires or
conduct of interviews with all family members should be explored to gain an in-depth
understanding of the role familial participation in sport and physical activity may play in the
development of sport expertise. Although the DHAQ can collect reliable information related to
a range of factors associated with athlete development, trustworthy methods for obtaining data
related to a host of additional influences, including those outlined above plus others discussed
throughout this thesis, are yet to be established.
Although items relating to participation in other organised sports were retained in the
DHAQ, this thesis highlighted the need for researchers and practitioners to enter discussions
regarding the nature of diversification in the development of sport expertise. Given that recall of
details of participation in other organised sports in the current investigation was problematic,
and previous studies in this area could potentially be based on misleading psychometrics, our
understanding of the role of diversification in sport expertise development is called in to
question. It is therefore essential to determine the level of involvement in organised sports
required for participation to be considered beneficial for athlete development, so that
associations between participation in other organised sports and expert performance can be revisited and established.
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The final set of future directions applies to the methodology and taxonomy developed
for assessing validity and reliability of retrospective recall. This approach and classification
system could be adopted for ongoing assessments of validity and reliability of the DHAQ, when
considering new items for inclusion in the DHAQ, and/or when evaluating alternative methods
of data collection for factors associated with the development of sport expertise that did not
meet acceptable validity and reliability standards for retention in the DHAQ within the current
series of studies. The methodology and taxonomy could also be utilised to establish validity and
reliability of other measurement instruments designed to collect retrospective athlete
developmental history data such as alternative practice history questionnaires or
multidimensional interview guides; and, as mentioned previously, it may even be adapted for
investigations involving retrospective recall in other domains including health and exercise
psychology, or medicine. Therefore, the future directions of this research are, again, not
restricted to studies involving the DHAQ, or even investigations related to the development of
sport expertise.
It is clear that the construction and validation of the DHAQ provides the foundation for
a wide range of future directions. These directions are both methodological and experimental;
they apply both within and outside the domain of sport expertise development; and they relate to
both the use of the DHAQ as well as alternative measurement instruments for the collection of
athlete developmental history information. The impact of this thesis is, therefore, wide reaching,
with the capacity to influence a large number of future investigations exploring a variety of
research questions.
Although outside the scope of this thesis, studies utilising the DHAQ are currently
underway, examining skill-, sport-, sex-, and country-based differences in the attainment of
sporting milestones, practice history profiles, details of involvement in organised sports other
than main sport, and family characteristics and participation in sport and physical activity. Data
have been collected from over 650 Australian and Canadian athletes, representing more than 30
sports and three skill levels (elite, pre-elite, and non-elite). As evidenced by the list of
publications and awards included elsewhere in this thesis, preliminary results from these
investigations have been presented at international conferences; however, due to the detailed
nature of the construction and validation of the DHAQ, further discussion of these subsequent
studies is not provided here.
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Conclusion
This chapter summarises the findings of this thesis, its contributions, and implications for future
research.

181

182

Identification of the factors associated with sport expertise development is of particular
interest to sport scientists, coaches, athletes, parents, and sport administrators, as this knowledge
can aid in the creation of supportive, effective practice environments that promote optimal longterm athlete development. While sport expertise is the result of successful interactions between
a wide range of influences, this thesis focussed specifically on working towards a
comprehensive understanding of the contribution of practice and contextual factors to the
development of sport expertise.
A brief review of the literature in this area highlighted a number of limitations in
previous research that restricted the application of knowledge to practical settings. The most
noticeable of these limitations were inconsistent or limited findings, and poorly validated
measurement tools. Inconsistent findings and recommendations relating to primary contributors
to sport expertise development and optimal developmental pathways appeared to be related to
small, homogenous sample sizes, and the lack of a standardised measurement tool for the
collection of athlete developmental history information. Further, validity and reliability
assessments employed to confirm trustworthiness of data were found to be insufficient, and at
times, involved the adoption of inappropriate statistics to confirm reliability and/or validity.
Thus, it was apparent that a rigorously validated, standardised measurement tool
suitable for large scale collection of athlete developmental history information was required to
overcome the limitations of previous research, and contribute to our understanding of the
practice and environmental factors associated with the development of sport expertise.
Therefore, this thesis aimed to construct and validate the DHAQ.
The DHAQ was constructed based upon the interview guides, questionnaires, results,
and recommendations of previous research, and included ten sections relating to a variety of
demographic, practice, competition, and environmental/contextual variables. A novel, objective,
and comprehensive statistical methodology and taxonomy was developed to establish
concurrent validity, convergent validity with parents, convergent validity with coaches, testretest reliability, and internal consistency for all items within the questionnaire. Items were then
identified as suitable for retention, requiring modification, or recommended for removal.
Following this process, the DHAQ was updated, and converted to an online format to allow
large scale distribution in the future.
As the results of the initial validity and reliability study led to the implementation of a
number of major changes to the DHAQ, test-retest reliability of the updated, online
measurement tool was reassessed to ensure the questionnaire continued to elicit high quality,
trustworthy responses. Although test-retest reliability of the instrument increased markedly,
several reliability issues remained following modification of the DHAQ, and several further
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changes were recommended. Consequently, another round of validity and reliability testing is
required to ensure maximum confidence in the trustworthiness of the measurement tool. Despite
the need for further testing, at present the DHAQ could still be considered the most robust
instrument available for the collection of athlete developmental history information. Therefore,
it is suggested that the DHAQ could be utilised within hypothesis testing investigations of sport
expertise development, providing appropriate validity and reliability checks are completed by
the researchers, for the sample at hand.
The contributions of this thesis are both methodological and theoretical. The rigorous
construction and validation of the DHAQ resulted in the provision of an online, quantitative
measurement tool for the collection of athlete developmental history information, with known
reliability for all items. Furthermore, a strict methodology and taxonomy for assessing validity
and reliability of retrospective recall was established that, while most suitable for investigations
of sport expertise development, may also be applied to studies of validity and reliability of
measurement in other domains. Finally, the validation process led to a detailed understanding of
the consistency with which various aspects of athlete developmental history information can be
recalled. Such information is invaluable for interpreting results relating to sport expertise
development and informing directions for future research in the area.
Most notably, the DHAQ can now start to be utilised in hypothesis testing
investigations of sport expertise development, further contributing to our understanding of the
factors that uniquely differentiate international level athletes from lesser skilled sport
participants. Given the detailed procedures adopted within the current series of studies, it is
proposed that the DHAQ be considered the emergent standard measurement tool for collection
of athlete developmental history information.
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