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Abstract

Objective: To report on the initial content development of the sonographer skill teaching practices survey (SonoSTePs) tool to
measure skill teaching perceptions.

Method: The nine-step model by Sarantakos [Social Research, 3rd edn. London: Palgrave Macmillan; 2005. 1-464], was used to
guide the initial development of the instrument, content domains, and the generated questions. The face and content validity of
the instrument was established after progressing through two expert panel reviews (experts in the fields of education, statistics,
and ultrasound) and two pilot tests.

Results: Results of the pilot testing identified differing discriminant variability (variation ratios) between the use of a five-point
and a seven-point Likert-type frequency scale. In particular, the pilot two (P2) 30-item instrument, using a frequency seven-point
Likert-type scale, resulted in good variation ratios (0.68 across 24 items; SD=0.11), demonstrating discriminatory ability between
individual participant’s teaching practices.

Conclusions: The content and face validity of the SonoSTePs instrument has been established using principles of questionnaire

construction and development.
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Introduction

An ultrasound scan is a complex medical examination and sono-
graphers need a diverse range of skills to both perform the scan
and document their findings competently. The foundational
skills required to physically perform and visually interpret the
scan are termed psychomotor skills." These can be sub-divided
into the categories of visuo-motor and visuo-spatial skills that
enable the sonographer to manipulate the ultrasound transducer
for image acquisition while mentally constructing a three-
dimensional spatial orientation of the anatomical structures."
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Psychomotor skills are unique to each profession and are first
taught then learnt. As a result, a number of psychomotor skill
teaching models have been proposed for multidisciplinary
health professionals in various clinical situations.” ® Univer-
sally, these models teach psychomotor skills through a stepped
approach (whether the skill is simple or complex). An impor-
tant aspect of psychomotor skill instruction is that the teaching
practices are based upon principles aligned to the motor learn-
ing domain.**"'" There are no published data that define best
teaching practices or describes how sonographers’ teach psy-
chomotor skills. To our knowledge, there is no published and
validated instrument to measure sonographer skill teaching
practices. Therefore, it was identified that there is a need for a
valid and reliable survey instrument which would provide
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information about sonographer skill teaching practices. As a
result, a sonographer skill teaching practices survey (Sono-
STePS) was developed using published principles of question-
naire development and construction.'**®

This paper reports on the development and initial validation
of SonoSTePS. The aims of the paper are to: (i) describe the
conceptual framework and development process of the web-
based SonoSTePS survey instrument, (ii) report on the iterative
process used to validate the content of the survey instrument,
and (iii) describe salient and relevant technical difficulties
which arose during the validation process.

Materials and methods

Development of the SonoSTePS Instrument

The SonoSTePS survey instrument was developed following gen-
eral guidelines for scale development established by De Vellis'”’
and in particular using the nine-step approach to guide survey
construction and design by Sarantakos'* (Table 1). This model
was selected to guide the questionnaire design and construction
as it was systematic, logical, and able to provide safeguards to
minimise major instrument design errors.

We note Sarantakos uses the words pre-test or pilot test
interchangeably."* For the purposes of our research and survey
design, we define a pilot test as an activity to test the sample
frame, questions, research methods, and instruments.'*'®

The initial step to developing a survey instrument involved
determining the concept being researched, followed by identify-
ing the central themes, called content domains, to be measured.
It was initially difficult to identify the content domains relevant
to teaching scanning skills due to a dearth of empirical data and
published literature on the research topic. A review of literature
from the psychomotor learning field and health disciplines that
use psychomotor skill teaching models for clinical tasks (surgical
medicine,''*"”** colonoscopy,” dentistry,”> nursing”***, and
physiotherapy ®) identified five domains relevant to teaching psy-
chomotor (scanning) skills in medical ultrasound. These five

domains include: teach a new skill, visual exemplar, cognitive
overload, immediate error correction, and skill practice. Table 2
lists the five content domains (using scales), a brief description of
each domain, the literature which assisted with defining the
domain, and the type of survey questions used.

The next step to developing the survey instrument entailed
generating a pool of questions to explore and examine key
aspects of each content domain. There are no fixed guidelines
to the number of questions (items) required to represent each
content domain in a survey, although, as a guideline, there
should be enough questions to adequately represent the key
dimensions.'” The majority of items were derived from litera-
ture through a process of identifying the theoretical and learn-
ing principles applicable to motor skill teaching (the supporting
literature is listed in Table 2). Two standalone questions were
also written to elaborate and explore specific student sonogra-
phy skill teaching preferences identified from one paper by
Sonaggera.*> For example, when teaching novice sonographers,
scanning skill participants were asked ‘When teaching a begin-
ning student a new skill, do you scan the patient first and then
follow with the student scanning after you?” The survey instru-
ment also required a mixture of ranked questions using rating
or frequency scales, closed-end and open—end questions to
gather both qualitative and quantitative data.**** In particular,
open-end questions provided the opportunity to gather addi-
tional insights which may have been excluded by using only
closed questions. Pilot one (P1) survey items were produced
after culling redundant, poorly worded, and confusing ques-
tions from an initially large bank of questions.'”*® Pilot one
survey was comprised of a total of 27 items. Rating scale ques-
tions were used for three of the items. Questions 13, 14 and 16
contained 10 or less questions in each rating scale. The instru-
ment was assembled and formatted into three key sections: (i)
demographics comprised of 13 questions, (ii) psychomotor skill
teaching practices and skill feedback which contained three rat-
ing scale questions and five closed/open text questions, and (iii)
validation = feedback  which included five questions.

Table 1: Steps in questionnaire construction, design and analysis'* [pp. 254-5].

1. Preparation-select survey type and method of administration. Search for developed survey or commence construction

2. Construct the first draft — construct survey questions around research themes

3. Self-critique

4. External scrutiny — ensure the survey is reviewed by industry experts and modify questions as required

5. Re-examine and review — where major changes are required proceed to previous step and ensure instrument undergoes external scrutiny again

6. Pilot test or pre-test — a small sample is selected to check the suitability of the survey as a whole

7. Revision-changes may ensue from pilot test. Go back to step 4. Small changes can move to step 8

8. Second pilot test

9. Formulation of the final draft
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Table 2: Teaching scanning skills in clinical practice: scales and items.

Dimension Domain/Scale

Scale description

Teaching a clinical skill Teach new skill

The extent to which skill tutors execute skill teaching elements described by George and Dotto?®5°

Sub scale: Recognition of prior learning.
The extent to which tutor establishes learners prior cognitive and psychomotor knowledge on skill topic
Sub scale: Simulation
The extent to which tutor uses simulated patient or phantoms to teach part or whole task
clinical scanning skills

8,26-28

Cognitive overload

The extent to which tutors limit the quantity of information taught in any one teaching session 252!

The extent to which tutor performs task analysis (deconstruction) prior to teaching the skill °16.2828.32-35
The extent to which the tutor provides concurrent feedback during skill practice %-3°

Visual exemplar

The extent to which a tutor performs a silent skill demonstration to provide a visual standard of

performance of skill execution®9:2426:2834:40

Immediate skill
error correction

The extent to which tutor corrects incorrectly performed skills as they occur®

Skill practise

The extent to which the tutor provides deliberate and supported practise opportunities in short skill sessions
(<60 min), rather than one long session, to practice skills with feedback on performance

21,25,27,41,42

Demographic data were sought to ascertain if skill teaching
approaches were influenced by individual sonographer’s profes-
sional practice, educational level, and type of educational quali-
fication achieved. For example, in question eight we asked
‘What is the highest level of qualification in ultrasound you
have completed?” as we were seeking to establish the partici-
pants ultrasound qualification and response options ranged
from ‘On the job training with Grandfather credentialing to’
to ‘PhD’ and ‘prefer not to answer’ to provide those PhD-
credentialed sonographers with the option for anonymity. This
was an important, as some states and territories have one sono-
grapher in each imaging speciality with PhD credentialing. In
question nine we asked ‘What is the highest level of qualifica-
tion in clinical health education you have completed?” Response
options ranged from none to PhD. Question 10 explored
whether sonographers had completed day or half day work-
shops to assist their teaching roles. This question was necessary
because a course such as ‘train the trainer’ is not recognised as
a qualification, yet it is a valuable course to undertake when
performing a teaching role. The question asked was ‘Have you
completed extra training in clinical health education, such as
completing ‘train the trainer’ course or workshops/courses con-
ducted at national conference? with a response option yes or
no, and if yes please specify. The mix of questions in pilot one
were wide reaching to garner professional practice and creden-
tialing information to explore if educational level impacted pro-
fessional skill teaching practices and behaviours.

Validation feedback

Validation feedback was twice sought from both an external
expert review panel (informed consent was sought from the
review panel to publish their name and salutation see
Appendix 1)*” and targeted sonographers who completed pilot
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questionnaires.*>*” This vital process*® facilitated the critical
analyses of the instrument content, format, and domains
throughout the developmental period. Qualitative feedback was
sought from all scrutineers on the survey questions and clarity,
the representativeness of the questions in relation to the
research question, the survey format, and the participant infor-
mation sheet.'"” Data were also collected on the time to com-
plete the survey and any user interface or technical difficulties
encountered. This information informed subsequent iterations
of the instrument content and design.

Recruitment and sampling

Sonographer clinical tutors, academics, and health educators
were initially invited to participate in the pilot 1 (P1) and pilot
2 (P2) pilot testing. Two types of sampling were used. The first
involved identifying target participants from university web
sites (purposive sampling****). The second involved contacting
participants via email and then inviting them to forward the
email invitation and hyperlink to other sonographer tutors or
health educators who performed an academic or instruction
role (snowball sampling).** Initially, nine emails were sent to
participants in each cohort (as per well-established recommen-
dations'>'®**) and follow-up email invitations were distributed
to each professional cohort.

Questionnaire administration

A web-based electronic questionnaire was chosen as the method
of administration. The SonoSTePS survey instrument was dis-
tributed via an email link to an online version in SurveyMonkey.
There are well-known limitations of online data collections*>*
but the benefits included national sonographer access, cost effec-
tiveness, user-friendliness, and these outweighed the risk of poor
response rates to online surveys.18’45’48’51’52
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Ethics

Ethical approval (SBREC 5584) from the Flinders University
Social and Behavioural Research Ethics Committee was
obtained prior to study commencement.

Statistical analysis

All results were downloaded from http://www.surveymonkey.-
com/ website onto an Excel spread sheet and then imported
into spss (Statistical Package for Social Sciences, version 21.0.;
IBM Corp., Armonk, NY, USA). Limited quantitative data anal-
ysis was performed due to small sample sizes in both pilot stud-
ies. The qualitative and quantitative data were analysed for
descriptive and comparative data. Responses to open-ended
questions were evaluated using content analysis.”> This allowed
the exploration of the feedback on the content, dimensions of
enquiry, and usability of the instrument. Variation ratios were
calculated for P1 and P2. According to Weisberg,> the ratio
provides a measure of dispersion of participant responses
across a scale for a given question. Ratio values can range for
0-1.>* A ratio of 1 or close to 1 is desirable and indicates there
is a broad range of responses across all categories for the ques-
tion. Conversely, a ratio which approaches 0 indicates the scale
was incapable of discriminating participant responses.

Results

Once developed, each version (P1 or P2) of the survey instru-
ment, proceeded through, expert review consisting of four
reviewers*®*” and pilot test.'* This rigorous process was applied
and undertaken to establish content and face validity of the
instrument. Between each review and pilot test the questions,
question order, Likert-rating scale, and content was modified
based on data garnered from feedback from the expert review
panel and pilot studies. The next sections will discuss the first
and second pilots in more detail.

Pilot one (P1)

Over a 6-week period, eight survey responses were received
after the initial email, and a further seven responses were
received following a reminder email. One response was an
empty entry. No clinical health educators participated in the P1
pilot, despite being invited.

The P1 demographic data revealed that 50% of all respon-
dents were 5059 years old, predominantly female (71%), with
a large proportion employed as university lecturers (46%). Two
participants had a PhD qualification in ultrasound and a fur-
ther six had a Masters qualification. Half of all participants had
completed a formal qualification in clinical health education.

The Pilot One (P1) survey used a 5-point scale to measure
participants’ attitudes to the research question in a format simi-
lar to a Likert scale.!*'*°° In Figure 1, the stacked bar chart fre-
quency distribution for one 9 item rating scale question,
exploring sonographer teaching practice behaviours, illustrates
the concentration of responses across two rating scales. The

112 AJUM August 2016 19 (3)

P11 frequency scale

M rever

W Rarely

[CInot applicable
W sometimes
[10often

N . N

50% -

0% T
2

| |
(<)

Q_06 -
a_07 -
Q_08
Q_09

T
o
hal
=]

Q_0
@_02
@_03

Figure 1: Stacked bar chart with responses to the questions related to
teaching new skills from P1 pilot study which used Likert 5-point rating
scale (n = 14). Graph purposely does not report the names of the
items, thus focusing readers attention to the concentration of
responses for often or always.

distribution of the responses to the 5-point scale, of attitudinal
questions assessing sonographers’ skills teaching and feedback
practice, indicated a considerable clustering of responses for
most of the questions (18 out of 24). For all these items, only
two response categories accounted for over 80% of all pilot data
available. Furthermore, four questions had a single category
selected by over 90% participants. The average of variation ratio
across all 24 items contained in the three rating scale questions
was 0.38 (SD = 0.21), and this result indicates a limited vari-
ability and discrimination capability for P1 items. The 5-point
scale was therefore modified to a 7-point scale as recommended
by Vagias.”® The subsequent Pilot 2 (P2) used a scale ranging
from 1 (never) to 7 (always) for data collection.”

The qualitative survey feedback received at the P1 stage of
the validation process focussed on survey flow and length, ques-
tion clarity, and administration of the online survey tool. A
descriptive content analysis of the qualitative feedback identi-
fied three categories. These were broadly grouped into user
interface, technical issues with online survey, and survey con-
tent. Regarding user interface, one respondent replied “Would
be good to have a completion bar % across top of survey so you
know how far to go’ and ‘radio buttons instead of yes/no writ-
ten responses’. Another respondent stated ‘I found the survey
easy to navigate’. Respondents replied with contrasting feed-
back regarding sufficient room for open-ended questions. One
respondent replied ‘sufficient room” while four replied ‘could
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do with more room’ and ‘.. .more space might be useful’. Two
respondents gave feedback on the survey content. One respon-
dent replied ‘there is no assessment of skills. Maybe something
could be included around the assessment/expectations of skill
development for students’ and another respondent suggested
including content on simulated learning: . . .It might have been
appropriate initially to syphon off the lecturers into an extra
feedback area for simulation teaching with some appropriate
questions’.

As a result of the P1 feedback, modifications were made to
the explanatory letter to participants invited to participate in P2
validation process. Participants were advised that the survey
was not exploring assessment of skill or competence. An
optional three questions were included on the use and role of
simulation to teach scanning skills and this was added as a sub
dimension to ‘teach new skill’. Also, the expert panel identified
the need for a definition of simulation and examples of simu-
lated learning aids in order for participants to understand and
answer the optional questions about the use of simulation to
teach scanning skills. Both Schaeffer et al.'” and Sarantakos**
highlight the need to define all technical terms to minimise
poor or non-response bias when constructing questions for a
survey prudent. The P2 survey was modified to incorporate
these three questions and expert panel suggestions and these
extended the instrument to 30 items. The rating scale items
were reduced from 25 in P1 to 24 in P2 after the removal of a
question exploring whether simulated aides were used to teach
psychomotor skills. Four questions on this topic area would
have been an excessive number.

The median time to complete the survey was 20 min, with a
range of 10-75 min. An outlying value of 75 min was recorded
as a result of encountering technical difficulties to complete the
survey. Furthermore, another two participants reported techni-
cal errors which were corrected and did not impact the comple-
tion time.

Pilot two (P2)

Over an 8-week period, 14 survey responses were received after
the initial email and a further five responses were received fol-
lowing a reminder email. Nineteen sonographers participated
in the P2 validation of the survey. No clinical health educators
participated, despite being invited.

Analysis of the demographic information showed that almost
half of participants were over 50 years old, with 84% of them
being females. The most represented group, in regard to profes-
sional role, were clinical sonographers (37%). The majority of
the cohort (61%) was employed as general sonographers in
public hospitals. One-third had completed an additional clinical
health qualification.

The 5-point scale used in P1 survey was adjusted to a seven-
point frequency scale (never-always) rating scale in P2. In order
to acquire more meaningful data regarding sonographer teach-
ing practices and behaviours frequency adverbs™[p. 255] were
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accompanied by a frequency per cent range (never: 0—2% of
time, rarely: 3-19% of time). These strategies we hypothesised
would overcome both the described limitations using the 5-
point scale, and the potential ambiguity of using word
responses which according to Dilmann et al>® means some-
thing different to each participant. The average variation ratio
across the 24 items contained in the three rating scale questions
was 0.68 (SD = 0.11) and this indicates that the discrimination
capability of items from the P2 scale has improved. In Figure 2,
the P2 frequency distribution for the same 9-item rating scale
question, using a 7-point scale illustrates a dispersion of
responses across all rating scales. The content analysis of the
qualitative survey feedback received in the P2 validation process
identified two categories. These are broadly grouped into ques-
tion clarity and technical issues with online survey. Two
respondents had difficulty interpreting one of the questions
containing more than one variable. Kumar*’[p. 154] explains
that an ambiguous question is ‘one that contains more than one
meaning and that can be interpreted differently by different
respondents’. This question has since been reviewed and rewrit-
ten. All respondents identified that there was enough room to
complete the open text questions.

The time to complete the survey ranged from 10 to 30 min
with the median value being 15 min. Similar to the P1 pilot,
two participants experienced technical difficulties, which were
dealt with promptly.

Discussion
The aim of our research was to undertake initial development
and validation of a survey instrument which would be capable
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Figure 2: Stacked bar chart with responses to the questions related to
teaching new skills from P2 pilot study which used Likert 7-point rating
scale (n = 19). Items correspond to the ones in the Figure 1.
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of identifying and measuring sonographer skill teaching prac-
tices. The survey instrument development and validation model
published by Sarantakos** provided a framework with which to
guide construction and survey content. Applying these steps
resulted in the instrument proceeding through two pilot tests
and expert review. The results of both pilot tests allowed
the development of a measurement instrument, labelled Sonog-
rapher Skill Teaching Practices Survey (SSTPS) and subse-
quently named SonoSTePS. There are a few main points worth
mentioning in this discussion, as will be seen in the comments
in the following sections on demographics, expert panel review,
refining the survey content, and Likert rating vs. frequency
scale.

Demographics

The demographic profile of the pilot cohorts completing the
survey indicated their adequate representativeness of the
broader profession in Australia, which is female dominant.
Currently, the female-male ratio of practicing sonographers is
3:1. The Australian Sonography Accreditation Registry (ASAR)
reported the in 2012 there were 3380 (76%) females sonogra-
phers and 1080 (24%) male sonographers.”” Our study data
demonstrated similar female/male percentages, P1 (71% and
19%) and P2 (84% and 16%). Furthermore, of the academic
sonographer cohort, approximately 50% of the P1 and 67% of
the P2 cohort had completed additional qualification in clinical
health education; therefore, we hypothesise this cohort had the
expertise to review the survey content."*[p. 214] It is of note
that only sonographers completed P1 and P2 surveys, although
we had invited nine clinical health education academics with
niche educational knowledge and expertise to review the instru-
ment. This void was filled by the expertise of the expert review
panel and we suggest was not detrimental to the development
of the survey instrument.

Expert panel review

Both Lynn*® and Wetzel*” suggest at least three panel members
are required to critically review the instrument content. We
selected four panel members to review each pilot study and
their comments lead to question restructuring, rewording, brev-
ity, and placement within the survey. One expert panel member
identified the necessity to include a definition of simulated
learning in the P2 survey, while another identified the use a
seven-point of frequency scale would assist with response dis-
crimination.

Refining the survey content

The validation process involved the evaluation and analysis of
the five content domains and the appropriateness of the rating
or frequency type-Likert scale in P1 and P2. As a result of the
iterative process to validate the content domains of the survey,
the survey was revised. A further subgroup of ‘teach new skill’
was modified to incorporate a section on the use of simulation
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to teach scanning skills. The inclusion of these questions in the
P2 survey meant the stand-alone rating scale question on simu-
lated learning, was now redundant and removal resulted in 24
items. Anecdotally, simulation is widely used in medical ultra-
sound imaging in Australia to teach foundational scanning
skills. However, at the time of the survey instrument’s develop-
ment (2012), a paucity of profession-specific literature made
the exploration of the sub-theme difficult. The use of current
and representative content domains is a crucial step in the
development of a validated survey instrument. Ensuring the
instrument authentically and wholly represents the concept
being explored and measured is an important step towards
establishing content validity. Content validity is reported by
Lynn in seminal literature as ‘the determination of the content
representativeness or content relevance of the elements/items
of an instrument. . **[p. 382]. Polit and Beck additionally high-
light the need for an instrument to have ‘an appropriate sample
of items for the construct being measured’. Australian Sonogra-
phy Accreditation Registry®'[p. 489]. Both Lynn,** and Polit
and Beck®' concur that a research instrument must be assessed
for content validity prior to use. P1 and P2 were an attempt to
achieve this aim.

Likert rating vs. frequency scale

Dilmann et al.”® explain that a 5-point scale using a Likert
design is one method to measure participants’ attitudes, opin-
ions and behaviours to a research question. The P1 survey used
a 5-point scale ranging from 1 (strongly agree) to 5 (strongly
disagree), or 1 (often) to 5 (never). Participants were able to
select not applicable (N/A). This option was located between
rarely and often, and had the potential for ambiguous interpre-
tation by respondents. This was a design error and corrected in
the P2 pilot.

The responses to the 7-point frequency scale ranging from 1
(never) to 7 (always) for questions related to general skill teach-
ing practices were plotted into a stacked bar chart (see Fig-
ure 2). The frequency responses of skill teaching and feedback
practices exhibit a broader distribution across all response cate-
gories when compared to the questions used in the 5-point
scale in P1. The average of the variation ratios across all 24 P2
items was 0.68 (SD = 0.11). While it is acknowledged that a
direct comparison between the average variation ratios from P2
and P1 cannot be undertaken (given that the wording of some
items has changed and pilot samples are small and differ in
regard to some of the demographic characteristics), it can be
argued that items from P2 are more variable.

The decision to use a 7-point frequency scale with unequal
anchor points was based upon two factors. First, the 5-point
scale used in the P1 was deemed incapable of satisfactorily dis-
criminating frequency responses across categories. Second, the
results of P2 pilot analyses, as well as the literature, support
the use of a 7-point frequency scale as having the ability to dis-
criminate more efficiently.%> This use of a quantified frequency
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scale was an attempt to glean nuanced perceptions of skill
teaching practices. Indeed, it seems that this aim was achieved.
Unlike the 5-point scale in P1, the participants’ responses to
perceptions of skill teaching practices were dispersed across
the seven rating scales in the P2 7-point frequency scale (see
Figure 2).%2

Technical difficulties were encountered while using the web-
based survey instrument. The errors were corrected through
email correspondence quickly after the initial survey was dis-
persed.*® Undertaking a small pre-test of the instrument prior
to commencing pilot testing would have revealed these pro-
gramming errors*** [p. 266]. Schleyer & Forrest'® [p. 419]
identify that one purpose of a small pre-test is to test the user
interface, usability of the instrument, and detect programming
errors prior to distribution of the instrument.

Limitations

Due to the nature of pilot studies, the small sample sizes of P1
and P2 limited the possibility of more formal statistical assess-
ment of changes to the items variability between P1 and P2,
although the demographic characteristics of both P1 and P2
samples were relatively comparable. As a result, the utility of
the survey instrument will need further testing and refinement
on a larger population.

Summary

The P2 survey instrument evolved from a 27-item to a 30-
item questionnaire. Between P1 and P2, the survey content
and Likert scales were changed, and this improved the dis-
persion and distribution of responses to probing teaching
practice questions. Further research is required to perform
basic exploratory psychometric statistical analysis of the mea-
surement instrument using a sample number of at least 300
participants.'” These processes are critical to the development
of a robust instrument which is able to withstand critical
review of instrument content, item clarity, and relevance.'”
To avoid the program and access errors encountered with
web-based surveys, we suggest performing a survey instru-
ment pre-test prior to dispersal, to mitigate user interface
errors.'®
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Establish content and face validity of instrument

Appendix 1 Survey review panellists

Panel member Affiliation Pilot1 | Pilot 2
A/Prof Linda Sweet Flinders University Yes Yes
Education

Prof Marilyn Baird Monash University Education Yes No

Associate Professor Charles Sturt University Yes Yes
Sue Campbell- Ultrasound
Westerway
Name withheld Sydney University Yes No
Statistics
Dr Ann Quinton Sydney University No Yes
Ultrasound
Pawel Skuza Flinders University Statistics No Yes
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