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เนื่องจากความกYาวหนYาอย[างรวดเร็วในดYานสูติศาสตรFและการดูแลทารกแรกเกิด การทำ 

อัลตราซาวดFสมองเปeนวิธีการมาตรฐานในการประเมินความผิดปกติของสมองในทารกแรกเกิดที่คลอด

ก[อนกำหนด การเพิ่มจำนวนผูYเชี่ยวชาญในการทำอัลตราซาวดFสมองใหYเพียงพอจึงมีความจำเปeน โดย

ตYองมีแบบประเมินท่ีเที่ยงตรงและเหมาะสม การศึกษานี้มีวัตถุประสงคFเพื่อสรYางและตรวจสอบความ

เท่ียงตรงของแบบประเมินประสิทธิภาพของการทำอัลตราซาวดFสมอง 

 

 

วิธีการศึกษา: 

การศึกษาน้ีใชYวิธี modified Delphi เพ่ือสรYางแบบประเมินสำหรับการประเมินประสิทธิภาพ

ของการทำอัลตราซาวดFสมอง เริ่มจากผูYวิจัยรวบรวมคุณลักษณะที่เหมาะสมสำหรับการประเมินการ

ทำอัลตราซาวดFสมองใส[ในแบบประเมินเบื้องตYนหลังการทบทวนวรรณกรรม จากนั้นคณะผูYเชี่ยวชาญ

ในการทำอัลตราซาวดFสมองซึ่งเปeนรังสีแพทยFเฉพาะทางเด็กแกYไขโดยใชYกระบวนการ Delphi จำนวน

สามรอบจนไดYคุณลักษณะที่จะประเมินครบแลYว ลำดับต[อมามีการเพิ่มสเกลรูบริกในแบบประเมิน

สำหรับการใหYคะแนน แบบประเมินที่มีสเกลรูบริกจะส[งใหYคณะผูYเชี่ยวชาญพิจารณาอีกครั้งเพื่อยืนยัน

รับรองแบบประเมินขั้นสุดทYายทำใหYไดYแบบประเมินประสิทธิภาพการทำอัลตราซาวดFสมองใหม[ 

หลังจากนั้นแบบประเมินประสิทธิภาพการทำอัลตราซาวดFสมองใหม[จะถูกประเมินความเที่ยง โดย 

ผูYประเมินสองคนนำแบบประเมินมาใชYประเมินการทำอัลตราซาวดFสมองของทารกแรกเกิดโดยแพทยF

ประจำบYานรังสีวินิจฉัยจำนวน 27 คนที่บันทึกการทำอัลตราซาวดFสมองในวิดีโอคลิปแบบประเมินจะ

ถูกประเมินความเที่ยงและรYอยละของความเห็นพYองในการใชYแบบประเมินใหYคะแนนการทำอัลตรา

ซาวดFสมองในวิดีโอคลิปอันเดียวกัน 
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ผลการศึกษา: 

รังสีแพทยFเฉพาะทางเด็กจำนวน 17 คนที่ทำงานในสภาพแวดลYอมที่แตกต[างกันเขYาร[วมใน

คณะผู Yเชี ่ยวชาญของการศึกษาน้ี ความถูกตYองของเนื ้อหาในแบบประเมินสรYางขึ ้นจากการท่ี

ผูYเชี่ยวชาญทุกคนซึ่งเปeนรังสีแพทยFเฉพาะทางเด็กมีความเชี่ยวชาญอย[างสูงในความรูYความสามารถ

ของการทำอัลตราซาวดFสมอง หลังจากแบบประเมินผ[านกระบวนการ Delphi ทั้งสามรอบ แบบ

ประเมินมีคุณลักษณะที่ใชYประเมินการทำอัลตราซาวดFสมองทั ้งหมด 14 รายการ สุดทYายแลYว

กลายเปeนแบบประเมินที่มีคุณลักษณะที่ใชYประเมินการทำอัลตราซาวดFสมองทั้งหมด 15 รายการ 

หลังจากนั้นแบบประเมินเพิ่มใชYสเกลรูบริก และแบ[งออกเปeน 3 ส[วนของการประเมิน ไดYแก[ ขั้นตอน

การเตรียมการ การใชYเครื่องอัลตราซาวดF และประสิทธิภาพของการทำอัลตราซาวดFสมอง เพื่อใหY 

ผูYประเมินประเมินไดYง[ายขึ้น ความเที่ยงของแบบประเมินถูกทดสอบดYวย Kappa ของ Cohen ค[า 

Kappa และรYอยละของความเห็นพYองระหว[างผูYใชYแบบประเมินสองคนส[วนใหญ[อยู[ในระดับปานกลาง

ถึงเกือบสมบูรณFแบบ ค[า Kappa เท[ากับ 0.42–0.93 และ รYอยละของความเห็นพYองเท[ากับ 77.8–

100%  

 

 

สรุปผลการศึกษา: 

การศึกษานี้สรYางแบบการประเมินการทำอัลตราซาวดFสมองที่ผ[านการตรวจสอบเปeนครั้งแรก

โดยใชYวิธี modified Delphi แบบประเมินขั้นสุดทYายซึ่งแบ[งออกเปeนสามส[วนและมีสเกลรูบริก ใชY

งานง[ายและสามารถเช่ือถือไดY 
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ABSTRACT 

 

Introduction 

 Due to rapid advances in obstetrics and neonatal care, cranial ultrasound (US) 

has become the standard method for evaluating intracranial abnormalities in preterm 

neonates. To develop sufficient numbers of skilled cranial ultrasonologists, evaluating 

them using a consistent and suitable assessment tool is necessary.  The objective of 

this study is to create an evaluation tool for cranial US performance. 

 

 

Materials and Methods 

 We used a modified Delphi method to produce a quality assessment tool for 

evaluating cranial US performance.  The researcher developed the initial evaluation 

tool items following a literature review and then the expert panel modified them using 

a three-round Delphi process. Rubric scales for grading assignments were added when 

consensus regarding generated items was reached. Experts were consulted to confirm 

the final assessment tool using a rubric scale.  Two raters evaluated cranial US 

performance of 27 residents in video clips using the assessment tool.  Reliability and 

percent agreement were assessed. 

 

 

Result 

 Seventeen paediatric radiologists working in varying environments participated 

in our expert panel. The proposed evaluation tool’s content validation was facilitated 

by all experts who were paediatric radiologists.  Following three rounds of the Delphi 
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process, the initial 14- item assessment form became a final 15- item form.  A rubric 

scale was used in the final form, which was divided into 3 sections:  the preparation 

phase, US machine operation, and cranial US performance, to make it easier for raters 

to assess in the field.  Interrater reliability was evaluated with Cohen’ s Kappa.  The 

Kappa value and percent agreement between two raters for most items in the tool 

was moderate to almost perfect (0.42–0.93) and 77.8–100%, respectively.  

 

 

Conclusion 

 This study produced the first validated cranial US assessment tool using a 

modified Delphi method.  The final assessment form, which was divided into three 

sections and included a rubric scale, was simple to use and potentially reliable. 
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Chapter 1 

Introduction 

 

1.1 Background and rational 

 Nowadays, obstetrics and neonatal care is evolving dramatically, resulting in 

increasing the survival rate of premature babies. These premature babies are prone to 

have intracranial complications, particularly intraventricular hemorrhage ( IVH)  and 

periventricular leukomalacia ( PVL) .  However, the symptoms and signs are often 

ambiguous. 1 Since 1970s, ultrasound ( US)  has been a widespread tool to screen 

intracranial abnormalities in premature babies.  US can demonstrate major 

abnormalities within the brain and these findings are related to long- term prognosis. 

Long- term abnormalities following IVH and PVL, frequently detected in premature 

babies, should be ranged from minor cognitive disorder to severe mental retardation.1,2 

The advantages of US include cheap cost, safe procedure, no radiation 

exposure, no sedation required and available at bedside, especially in critically- ill 

patients. 1 At present, cranial US has become a part of patient care, particularly in 

neonatal intensive care unit ( NICU) .  However, the quality and accuracy of US are 

operator dependent, requiring skills and experiences.  Moreover, the operators 

affectively conduct the cranial US are still scarce.2 

Teaching or training of cranial US is crucial in order to adequately increase the 

numbers of expertise. In fact, learning of cranial US as well as US of other parts of the 

body has no affective schemes. In Songklanagarind Hospital, training of cranial US has 

been designed as workplace- based learning, starting from observing the pediatric 

radiologist experts. Next, the learners perform the cranial US under supervision for 10 

or more cases as recommended by the institute.  Then they will be allowed to 

independently perform the cranial US.  In Croatia, 25 cases under supervision is the 

number recommended in order to independently practice. 3 A logbook is one of an 

assessment method used to record the number of observing cases or procedural 

performed.  The advantage of the logbook is a user- friendly assessment format. 

However, the disadvantages include low reliability and accuracy due to self-

assessment process with no guarantee of its accuracy.4 Moreover, only the number of 
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cases does not reflect the learner’s performance and competency.3,5 Currently, there 

is no standard recommendation for assessing the learner’s performance in cranial US. 

Therefore, the appropriate assessment tool needs to be developed and validated. 

 

1.2 Objectives of the study 

Phase I: To develop new assessment tool in cranial US skill performance  

Phase II: To determine the validity and reliability of the developed new assessment 

tool in cranial US skill performance   

 

1.3 Literature reviews 

1.3.1 Cranial US 

 Cranial US is a useful method for evaluating the infant brain.  It is the initial 

imaging to check for brain abnormalities in newborns.  It offers a number of benefits 

including safety; no  

ionizing radiation and no requiring sedation, a quick and painless approach, 

inexpensive, availability at the bedside with repetitions, and the lack of absolute 

contraindication to cranial US.  The indications for cranial US in accordance with the 

consensus reached in 2020 by the American Institute of Ultrasound in Medicine (AIUM) 

are shown as follows.6 

- Abnormal increase in head circumference 

- Hemorrhage or parenchymal abnormalities in preterm and term infants 

- Ventriculomegaly (hydrocephalus) 

- Vascular abnormalities 

- Suspected hypoxic ischemic injury (hypoxic ischemic encephalopathy) 

- Patients on hypothermia, extracorporeal membrane oxygenation, and other 

support machines 

- Congenital malformations 

- Signs or symptoms of a central nervous system disorder ( e. g. , seizures, facial 

malformations, macrocephaly, microcephaly, and intrauterine growth 

restriction) 

- Congenital or acquired brain infection 
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- Suspected or known head trauma 

- Craniosynostosis 

- Follow- up or surveillance of previously documented abnormalities, including 

prenatal abnormalities 

- Screening before surgery 

 
 Premature newborns are now more likely to survive due to the rapid 

advancements in obstetrics and neonatal care. These premature infants are more likely 

to experience intracranial problems.  Because the intracranial abnormality in these 

babies may frequently be asymptomatic yet have a significant impact on future brain 

development, the cranial US screening routine is created to rule out intracranial 

pathology. Table 1.1 shows screening cranial US recommendation in our institute.7 

 

Table 1. 1 Cranial US schedule for routine surveillance of preterm infants with 

uncomplicated clinical course7 

GA First imaging Repeat imaging* Time-corrected imaging 

≤31+6 weeks HUS 4-7 days postbirth 4–6 weeks postbirth - Routinely for neonates 

born before 26 weeks 

- Not routinely for 

neonates born between 

26+0 and ≤31+6 weeks† 

≥32+0 to 36+6 

weeks with 

additional risk 

factors‡ 

HUS 4-7 days postbirth 4–6 weeks postbirth, 

and only if first 

image is abnormal 

Not routinely 

GA, Gestational age; HUS, Head ultrasound; IVH, Intraventricular hemorrhage; NEC, Necrotizing enterocolitis; PHVD, 

Post-hemorrhagic ventricular dilation; PVL, Periventricular leukomalacia; WMI, White matter injury.  

* If an abnormality ( Grade 2 or higher IVH or WMI)  is detected on first imaging, a repeat HUS should be performed 

7–10 days later. If ventricular dilation or worsening IVH/WMI is detected, the frequency of HUS should be intensified 

(at least weekly initially and as clinically indicated thereafter). A repeat HUS should also be conducted in the weeks 

following acute illness (e.g., NEC or sepsis).  

†  HUS between 37 and 42 weeks corrected GA if previous moderate- to- severe anomalies ( Grade 3 or higher IVH, 

PHVD, or Grade 3– 4 PVL)  on HUS, or presence of additional risk factors ( e. g. , critical illness requiring mechanical 

ventilation or vasopressors, NEC, major surgery).  
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‡  Additional risk factors for the late and moderately preterm infant include:  need for critical care out of keeping 

with the usual neonatal course, complicated monochorionic twin pregnancy, microcephaly, complicated postnatal 

course: sepsis, NEC, major surgery, or abnormal neurological symptoms. 

 

1.3.1.1 US skills development 

 The development of US skills needs to be understood prior to develop the 

cranial US skill assessment tool. The creation of US skills consists of a combination of 

complex motor and cognitive skills. Motor or hand skills need to be incorporated with 

visual ability.  The US performers move their hand with the US probe while their eyes 

stay on the images on US screen.  This process is called hand- eye coordination that 

has to work continuously with cognitive skills in order to interpret the findings on US 

screen, so-called visual-cognitive skills.8  

The motor skill development model proposed by Fitts and Posner in 19679,10 

consists of 3 stages.  

Stage 1:  The cognitive phase, in this stage, the learners must be conscious at 

all times in order to plan their hand movement during US performing. It causes 

US process to be slow, not smooth, and with errors, the characteristics of 

novices to do new skills.  

Stage 2:  The associative phase, this is continuous from the cognitive phase. 

After the learners continue to practice, US will be done faster and smoother. 

Mistakes are also reduced, indicating an increased expertise for the learner.  

Stage 3:  The autonomous stage, the stage in which the learners become 

experts in their practice. This autonomous stage will happen when the learners 

practice continuously and extensively for a period of time until they can 

perform US expertly, quickly, smoothly, and correctly, by doing US almost 

automatically.  

  

The visual- cognitive skills are an important skill in the process of performing 

cranial US.  The performers have to correctly detect and interpret the results or 

diagnosis of the US images. In addition, it is necessary to convert two-dimension images 

into three- dimension images.  The skills consist of two- step process started with a 

global impression followed by focal search in US.  The performers should start 
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performing US in all areas of relevant following the standard protocol. During US, they 

have to concern about the characteristics on real time US images such as the color, 

shape, and symmetry.  Then the performers have to decide whether the images are 

abnormal based on their knowledge and experience and finally giving the diagnosis. 

This skill in those who are the novices are different from the experts. The novices need 

a longer time, always pay their attention in unrelated location and usually require 

more information prior to make a diagnosis.  However, after training, the learners will 

have more skilled, resulting in less time required, less attention in unrelated area, and 

give accurate diagnoses with only specific information. 

 

 

1.3.1.2 Technical consideration11-13   

1. Pictures of US machine using in this study and detail of button function of its 

main panel (figures 1.1 and 1.2) 
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Figure 1.1 The ultrasound machine: Canon Aplio A550 (Canon Medical System, Tokyo, 

Japan)    
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Figure 1.2 Details of each button function on the main panel of ultrasound machine  

1 = Enable text annotations to be added to images 

2 = Turns the power ON/OFF 

3 = Starts basic measurement mode 

4 = Switches trackball junctions or specify the cursor position 

5 = Inserts a body mark 

6 = Specifies the echo reception sensitivity for various depths calculated from 

the body surface 

7 = Freezes the screen 

8 = Chooses the probe on touch panel 

9 = Sets the frequency 

10 = Sets the focus 

11 = Switches to CDI mode; the dial around the knob is used to adjust the gain 

in color mode. 

12 = Specifies the depth and the zoom level; press to switch between depth 

and zoom modes  

13 = Changes the layout format 

14 = Switches to 2D mode; the dial around the knob is used to adjust the gain 

in 2D mode.  

15 = Saves still images 
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2. Probe/Transducer 

 For best information collection, the right probe selection is crucial.  To view 

deeper structures, a convex and low-frequency probe is used. Structures closer to the 

probe are characterized using the linear, high- frequency probe. 

Sector/ convex/ curvilinear probes at 5- 8 MHz and linear probes at 3- 11 MHz are the 

best options for the cranial US (figure 1.3). The type and frequency of the probe must 

be adjusted based on the anterior fontanelle's width and the head's size. The majority 

of newborn heads are suitable for the small curvilinear probe.  Usage of both, a 

curvilinear and linear probe, is recommended, depending on the required structures 

to be evaluated.  

 

 

 

 

 

 

 

 

 

 

Figure 1.3 The sector/convex/curvilinear 5-8 MHz and linear 3-11 MHz probes 

 

3. Parameters 

3.1 Frequency 

Frequency needs to be modified based on the analyzed structure and the 

child's age or size.  For the initial scan, the sector/ convex/ curvilinear 7. 5- 10 MHz is 

sufficient for the entire brain parenchyma. The US images of the cerebrum, brainstem, 

cerebellum, and foramen magnum should be included. For additional scans, the linear 

probe 9–18 MHz is utilized for a more thorough assessment of superficial anatomical 

features. 
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3.2 Depth 

The field of view of the scan should be set up at the beginning to include the 

maximal depth of the cranium in order to properly visualize all of the cranial contents 

(figure 1.4). 

 

 

 

 

 

 

 

 

 

Figure 1.4 The optimal depth of cranial US from the top of the brain (white dots) to 

foramen magnum (white line) 

 

3.3 Gain 

A proper gain adjustment prevents missing significant discoveries or 

misdiagnosing normal findings as the disease. 

3.4 Time-gain compensation curve (TGC) 

Every scan should be started with a TGC adjustment to prevent abnormal 

parenchymal brightness in some brain areas that could be misconstrued for brain 

edema.  The majority of US machines contain a button to modify it automatically to 

guarantee a uniform and balanced image from proper TGC curve adjustment. 

3.5 Focus 

Throughout the scan, the focus should be adjusted to the area of interest, 

starting from the posterior fossa then moved to other areas based on the scan's results. 
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4. Cranial US technical consideration and safety includes the items as follows: 

- Only perform a head US when necessary 

- Reduce scan time to a suitable minimum 

- If a Doppler US is done that results in elevated mechanical index (MI)  and 

thermal index (TI), utilize Doppler only when necessary, and avoid leaving the 

probe stationary for an extended period of time because soundwave energy 

may heat up the tissue. 

- Anterior fontanelle is the main approach because of excellence of physiologic 

widen. 

- The standard planes for cranial US are coronal and sagittal views.  

- For the best evaluation, start the scan by attempting to obtain a symmetric, 

centered, and perpendicular image 

- Analyze the images by comparing right to left 

- When scanning, try not to exert too much pressure with the probe on the 

fontanelle 

- To avoid missing significant findings, perform the scanning systematically and 

completely with paying close attention to all essential structures such as the 

corpus callosum, the fourth ventricle, and the cisterna magna 

- When pushing the freeze button with one hand, keep the other hand firmly 

planted on the baby's head to prevent any unintentional reflexive motion 

artifacts that could result in fuzzy, unclear images 

 

5. Standard planes and normal appearance of the brain appeared in US 

images 

 The main approach for a brain US scan is through the anterior fontanelle. 

Additional brain US scans are performed through the posterior, sphenoid, and mastoid 

fontanelle, especially when the pathologies in the cerebellum or posterior fossa are 

suspected.  Standard places include coronal and sagittal views through the anterior 

fontanelle (figure 1.5 a and 1.5 b).  
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                                     a     b 

Figure 1.5 a: Six standard coronal planes on cranial US through anterior fontanelle in 

mid sagittal view; b:  five standard sagittal planes on cranial US through anterior 

fontanelle in coronal view 

 

5.1 Coronal views 

When scanning through the anterior fontanelle and tilting the probe sequentially 

from anterior to posterior, six standard sections of the coronal images are obtained 

and explored (figure 1.5 a). The interhemispheric fissure in the middle should be the 

center of all symmetrical coronal images.  

 

5.1.1 The first coronal section 

The image is the frontmost part.  It shows the frontal lobes and the caudal 

boundary is made up of the superior orbital wall (figure 1.6). The gray and white matter 

of frontal lobe are symmetrical. There is a clear interhemispheric fissure in the midline 

The gray matter is typically hypoechoic and the white matter is typically hyperechoic.  
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Figure 1.6 First coronal image: interhemispheric falx (white dot line), bilateral frontal 

lobes (FL), and bony orbital roof (double arrow). 

 

5.1.2 The second coronal section 

The image is made up of the middle cerebral artery, frontal lobes, cavum septi 

pellucidi, and frontal horns of the lateral ventricles.  A useful marker is the arterial 

double contour and pulsation (figure 1.7). In this section, depending on gestational age 

( GA) , normal findings include symmetry or slight asymmetry in ventricular size.  The 

frontal horns of lateral ventricles can be collapsed or restricted ventricular cavities in 

the first 24 hours after birth, and slightly increased size of ventricular cavities beyond 

the first day of life.  

 

 

 

 

 

 

 

 

Figure 1.7 Second coronal image: a frontal horn of lateral ventricle (FH), cavum septum 

pellucidum (white star), caudate nucleus (C), middle cerebral artery (black line), corpus 

callosum ( small black arrows) , interhemispheric falx (white dot line) , and temporal 

lobe (TL) 

5.1.3 The third coronal section 

This region, the level of the third ventricle, shows the sylvian fissure, deep gray 

matter (basal ganglia and thalami), bodies of the lateral ventricles, and third ventricles 

( figure 1. 8) .  Preterm babies may have wider Sylvian fissures.  Although almost 

symmetrical, the disease is not excluded by symmetry.  The basal ganglia, particularly 

the thalami, should always be carefully examined since they can show edema, 

ischemia or hemorrhage when they become bilaterally hyperechoic.  In order to rule 
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out germinal matrix ( GM)  hemorrhage in preterm infants, special attention should be 

focused on the caudo-thalamic groove in this view.  

 

 

 

 

 

 

 

 

Figure 1.8 Third coronal image: a third ventricle (small white dot line), frontal horn of 

lateral ventricle ( FH) , cavum septum pellucidum ( C) , corpus callosum ( small black 

arrows), caudate nucleus (C), globus pallidus (GP), putamen (P), midbrain (M), Sylvian 

fissure (white dot), frontal lobe (FL), and temporal lobe (TL) 

 

5.1.4 The fourth coronal section 

This section is the level of cerebellum. It contains a portion of the brain stem, 

vermis, cerebellar hemispheres, tentorium cerebelli, body of the lateral ventricles, 

brain parenchyma, and cisterna magna. It has a typical appearance of a Christmas tree 

or a lady dancing (figure 1.9). Symmetry or mild asymmetry of ventricular cavities size, 

choroid plexuses, and brain parenchymal echogenicity are all considered normal 

findings in this section.  Scan through the posterior or mastoid fontanelles to rule out 

a hemorrhage in this level is necessary since the cerebellum displays a hyperechoic 

appearance due to tentorial cerebelli.  
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Figure 1. 9 Fourth coronal image:  a cerebellum ( CB) , tentorial cerebelli ( white arrow 

heads), hippocampal fissure (black curve line), lateral ventricle (LV), cavum verge (CV), 

corpus callosum (white arrows) , caudate nucleus ( C) , putamen ( P) , thalamus ( T) , 

Sylvian fissure (white dot), frontal lobe (FL), temporal lobe (TL), and interhemispheric 

falx (white dot line) 

 

5.1.5 The fifth coronal section 

The choroid plexuses, predominating in this picture, run through the ventricular 

trigone in this area. Laterally, the ventricular cavities split apart. The cortex, subcortical, 

and periventricular white matter of the parietal and temporal lobes are included. The 

cavum vergae between the lateral ventricles can be seen (figure 1.10). The symmetry 

of the periventricular white matter ( peritrigonal blush)  and the echogenicity of the 

choroid plexuses are considered normal findings in this region.  Despite looking 

symmetrical, the periventricular white matter ought to be less echogenic than the 

choroid plexuses. If not, periventricular leukomalacia or another type of white matter 

pathology must be considered.  If the lateral ventricles appear parallel, corpus 

collosum dysgenesis should be suspected. 
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Figure 1. 10 Fifth coronal image:  a lateral ventricle ( LV) , interhemispheric falx (white 

dot line) , parietal lobe ( PL) , occipital lobe (OL) , and parieto- occipital sulcus (white 

curve line) 

 

5.1.6 The sixth coronal section 

The periventricular white matter and cortical gray matter are seen in this 

segment through the occipital lobes, together with the interhemispheric fissure in the 

middle ( figure 1. 11) .  Symmetry of the sulcation and periventricular white matter are 

typical findings in this area.  

 

 

 

 

 

 

 

 

 

Figure 1. 11 Sixth coronal image:  a parieto- occipital white matter ( oval shape)  and 

interhemispheric falx (white dot line) 
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      5.2 Sagittal views 

      A minimum of five standard sagittal images ( figure 1. 5 b)  should be obtained by 

tilting the transducer from the midline to lateral, firstly to the right and secondly to 

the left.  

5.2.1 The midline sagittal section 

This image conveys a great deal of information and varieties of anatomical 

features.  All areas from the top of the brain to foramen magnum must be included. 

The entire corpus callosum, third ventricle, brainstem, fourth ventricle, and cerebellar 

vermis are examples of normal anatomy (figure 1.12).  

 

 

 

 

 

 

 

 

Figure 1.12 First sagittal image: a corpus callosum (small black arrows), third ventricle 

(small white dot line) , fourth ventricle (V4) , massa intermedia (MI) , pons (Po) , vermis 

(V), cisterna magna (CM), frontal lobe (FL), parietal lobe (PL), and occipital lobe (OL) 

 

5.2.2 The parasagittal right and left sections 

The lateral ventricle may be seen in these images together with the thalami, 

basal ganglia, and periventricular white matter ( figure 1. 13) .  The caudate nucleus is 

located anteriorly in this picture, while the thalamus is located posteriorly, separated 

by the caudothalamic groove.  The lateral ventricles' choroid plexus frequently 

protrudes anteriorly and situates close into the caudothalamic groove.  It should be 

assumed that the hyperechoic focus bulges in the caudothalamic groove represent 

GM bleeding.  
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Figure 1. 13 Second and fourth sagittal images:  a caudate head ( C) , thalamus ( T) , 

caudothalamic groove (white triangle) , frontal lobe ( FL) , parietal lobe, ( PL) , occipital 

lobe (OL), temporal lobe (TL), and cerebellum (CB) 

 

5.2.3 The tangential parasagittal right and left sections 

These sections show the periventricular white matter, sulci, and Sylvian fissure, 

laterally and superficially to the lateral ventricles ( figure 1. 14) .  The homogeneity of 

white matter, normal hypoechoic gray matter, appropriate sulcation in accordance with 

GA, and Sylvian fissures are the hallmarks of normal findings.  

 

 

 

 

 

 

 

 

 

Figure 1.14 Third and fifth sagittal images: a Sylvian fissure (white dots), periventricular 

white matter (dot oval shape), frontal lobe (FL), parietal lobe (PL), occipital lobe (OL), 

and temporal lobe (TL) 
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Figure 1.15 and figure 1.16 summarize the standard coronal and sagittal views for 

cranial US, respectively 

 

 

                     Figure 1.15 Summary of standard coronal views for cranial US 

 

                     Figure 1.16 Summary of standard sagittal views for cranial US 

 

1.3.2 Cranial US pathologic findings in preterm babies1,11 

US is an important tool in the diagnosis of IVH or subependymal hemorrhage, 

PVL or hypoxic ischemic encephalopathy of preterm, and hydrocephalus.  These 

abnormalities are commonly found in preterm babies during second to third trimester 
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because their brain is vulnerable to injury from ischemia or hemorrhage.  In preterm 

babies, IVH occurs after sudden hemodynamic change. The preterm baby’s brain still 

has highly vascular germinal matrix located along the ventricular surface between the 

caudate nucleus and thalamus, especially at the caudothalamic groove. These vessels 

are fragile and prone to develop bleeding. Normally, these vessels involute when the 

babies are near term age, approximately 34-36 weeks GA. IVH is often found during the 

first 7 days after birth.  The hemorrhage occurs at the caudothalamic groove and may 

extend into the ventricle or adjacent parenchyma. In US images, hemorrhage appears 

hyperechoic lesion as white color.  IVH is divided into 4 grades according to Papile LA, 

et al in 19788 ( table 1. 2) .  Grade 1 and grade 2 IVH show good prognosis, but grade 3 

and grade 4 IVH may reveal long-term neurologic abnormalities.1 

 

Table 1.2 Grading of intraventricular hemorrhage14 

Papile grading Description US image 

Grade 1 Subependymal (germinal matrix) 

hemorrhage 

 

Grade 2 IVH (hemorrhage fills less than 50% 

of lateral ventricle) without 

ventricular dilatation 

 

Grade 3 IVH with lateral ventricular dilatation  

Grade 4 IVH with intraparenchymal 

hemorrhage 

 

  IVH, Intraventricular hemorrhage 
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 PVL causes by lacking of blood or oxygen at the periventricular white matter 

region within the brain tissue of preterm baby, especially before 33 weeks GA. , unlike 

the ischemic brain in term infant that happens at the cortical- subcortical part. 

Heterogeneity of affected areas from ischemia between preterm and term brains are 

due to different locations of watershed areas in their brains.  Watershed area of the 

brain is the area at risk to develop brain ischemia.  PVL occurs at the periventricular 

region because it is a watershed area or junction of intracranial vessels including 

anterior, middle, and posterior cerebral arteries in preterm babies. 5 In normal brain, 

the finding of periventricular white matter on US images has less echogenicity than the 

choroid plexus. 15 When the PVL occurs, the affected brain tissue has an echogenicity 

equal to or greater than the choroid plexus.  Grading of PVL, according to de Vries LS, 

et al in 199216, is separated into 4 grades (table 1.3). Proper diagnosis of PVL is essential 

because cerebral palsy, intellectual impairment, and visual disturbance are more 

common in these preterm babies.  Moreover, over 50% of children with PVL or grade 

3 IVH will develop cerebral palsy. 

 

Table 1.3 Grading of periventricular leukomalacia16 

Vries grade Description: PVL (increased periventricular 

echogenicity) 

US image 

Grade 1 Persisting more than 7 days 

 

Grade 2 Developing into small periventricular cysts 

(Swiss-cheese appearance) 

 

Grade 3 Developing into extensive periventricular 

cysts, occipital and fronto-parietal white 

matter 
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Grade 4 In deep white matter developing into 

extensive subcortical cysts 

 

PVL, Periventricular leukomalacia 

 

Although, the US has high accuracy in the diagnosis of cystic PVL, there are 

some limitations in the diagnosis of non- cystic or grade 1 PVL.  In this case, it is 

necessary to follow- up cranial US in the next 7 days.  Although the findings on US 

images of grade 4 IVH and PVL are shown an increased echogenicity, only grade 4 IVH 

has mass effect to adjacent structures.  

 

1.3.3 Assessment tool in medical education 

 Several components of medical education work together in order to have the 

desired effects on students' learning.  These comprise of instructional strategies, 

learning goals, and evaluations.  Initially, the measurement is the main focus of 

evaluation in medical education.  Nowadays, competencies need to be incorporated 

into the various parts of the current medical educational system.  A well- designed 

assessment encourages student motivation, the growth of self- evaluation, learning 

retention, and learning transfer.  Therefore, the selection of assessment methods is 

crucial.17,18 

 

1.3.3.1 Assessment types 

There are three main types of assessment.19 

1. Diagnostic assessment 

The diagnostic examination is administered at the start of the unit or the course, 

as appropriate.  Data on what the students already know about the subject is 

gathered through this exam.  A learner's current understanding of or viewpoint on 

a subject or issue that will be covered in the course is determined by a set of 

written questions (multiple choices or short answers). The purpose of a diagnostic 

assessment is to provide an overview of where each student stands academically, 
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emotionally, or ideologically so that the teacher may make informed decisions 

about how to teach the new course material and the best teaching strategy. 

 

2. Formative assessment 

Prior to summative evaluation, formative assessment allows for the 

identification of gaps, misunderstandings, and growing understanding.  Informal 

questions, practice tests, one-minute papers, and clearest/muddiest point activities 

are a few examples of formative assessment tools. Without the pressure of grades, 

formative assessment enables students to test their knowledge or put their talents 

to the test. 

 

3. Summative assessment 

Summative evaluation is used to evaluate learning at its conclusion.  It is used 

to compare student learning to a baseline or standard.  Summative evaluation's 

primary goal is to assign grades to students.  

The summary of three types of assessments is shown in table 1.4. 

 

Table 1.4 The main differences between three types of assessment19 

 Diagnostic 

assessment 

Formative assessment Summative 

assessment 

Feedback Informal Dialogue-

based/comments, 

ungraded 

 

Grades 

Timing Before the lesson Throughout the learning 

process (small check-ins) 

 

Closing of a unit or 

course 

Rationale Analyze prior 

experience, abilities, 

assumptions, etc. 

Observe progress and give 

remarks 

Compare the 

student's 

performance to a 

benchmark standard 
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Examples Background 

knowledge survey 

and ungraded test 

A variety of group projects 

in classroom, in-class 

writing assignments, 

practice exams, 

clearest/muddiest point 

exercises, and minute 

papers  

Midterm and final 

multiple-choice tests, 

a final project, and a 

term paper 

 

1.3.3.2 Model of developing the assessment tool 

In general, the characters that are usually evaluated in the learner’ s 

competency include knowledge, skills, and attitudes, in other words, cognitive, 

psychomotor, and affective domains in Bloom’ s Taxonomy in 1950- 1970s. 20 For the 

development of cranial US skills, the assessment tool should be developed to assess 

the two aspects; knowledge or cognitive and skills or psychomotor.  

Miller’ s pyramid is an example showing how learners have been evaluated 

(figure 1.17).21 Actions are defined in each of the pyramid's four tiers. These are "knows" 

for fundamental information, " knows how"  for knowledge that has been applied, 

analyzed, or interpreted, " shows how"  for actual application and practical 

demonstration in a simulated setting, and "does" for performance in a real-time setting.  

The purpose of developing the cranial US assessment tool is to assess the top-

level learners in the pyramid, “ does” .  The assessment of actual performance in real 

situation, so- called workplace- based assessment ( WPBA) , is essential to quality 

management.22 

 

 

 

 

 

 

 

Figure 1.17 The Miller’s pyramid21 
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The proper evaluation methods of each level according to Miller’ s pyramid is 

different.  For example, assessment of knowledge or how to apply knowledge should 

be performed by using multiple choice questions (MCQs), extended matching item or 

short answer questions (SAQs). To evaluate the next level, “show how”, multi-station 

objective structured clinical examination (OSCE) is appropriate. Finally, to evaluate the 

learner’s ability at the top of the pyramid, “performance level or does”, the optimal 

methods are mini- clinical evaluation exercise ( mini- CEX) , direct observation of 

procedural skills (DOPS), etc.23,24 

In general, a learner’ s abilities can be assessed using a variety of assessment 

methods.  Each assessment method has advantages as well as limitations.  The 

assessment methods are divided into three main sections including written 

assessments, assessments by supervising clinicians, and WPBA.17,18,24,25 

1. Written assessment17,18,24,25 

1.1 Multiple choice questions (MCQs)  are flexible assessment formats that can 

be used to measure knowledge, abilities, values, and thinking skills. MCQs come 

in a variety of types, including the most popular single or one best option type 

question, true or false type question, multiple true or false questions, matching 

type question, the extended matching type question, and key feature question. 

A true or false question with multiple options is referred to as a multiple true 

or false question. Matching items type consists of stems and answers arranged 

in columns under matching instructions.  The list of a theme, alternative lists, 

lead- in question, and case summary make up the extended matching 

questions.  The key feature question focuses on critical decision on scenario-

based test with limited number of questions.  MCQs can offer several 

examination items that cover a wide range of content areas with relatively short 

time period causing great reliability.  

1.2 Short answer questions (SAQs)  resemble multiple choice questions without 

alternatives.  The learner is supposed to give the response to an open- ended 

semi- structured question, not to choose the response.  Due to their lengthy 

nature and sparser sampling, short answer questions have low dependability.  

1.3 Essay questions have low reliability due to time-consuming and small sample.  
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2. Assessment by supervising clinicians17,18,24,25 

The format of a long case examination varies.  In accordance with tradition, a 

student is given a block of uninterrupted and unobserved time, typically 30–45 

minutes, to interview with and examine a non- standardized real patient.  The 

student then discusses his or her findings and action plan with examiners who then 

conduct an unstructured oral examination with the student about the patient’ s 

illness and related issues.  It has poor content validity, low reliability, and less 

consistency. Although, the reliability is poor, it can be raised by giving each student 

more cases. Moreover, observing the candidate while he or she is taking the history 

and performing the physical examination would be a more accurate way to judge 

the candidate’s proficiency.  

2.1 Objective structured clinical examination (OSCE)  is the tool to examine 

psychomotor domain such as skills and clinical management.  It uses 

standardized or trained patients and a sufficient sample size.  It consists of 

multiple stations which focuses on each different task.  Students go around a 

set of timed stations in rotation.  The same schedule is followed by all 

candidates as they move sequentially between stations.  OSCEs have used 

standardized patients as the primary assessment tool. Technical abilities have, 

however, also been evaluated using alternative assessment items, such as data 

interpretation exercises utilizing clinical cases and clinical scenarios with 

mannequins.  A standardized checklist of specific behaviors or a global rating 

form are used by the observing faculty member, or patient to assess the 

student's performance.  It enhances interrater reliability.  The wide- ranging 

content and skill sample contributes to the high reliability.  To ensure 

consistency, judges must undergo extensive training.  

2.2 Multisource or 360- degree assessments are made up of questionnaires that 

numerous persons inside a person's sphere of influence fill out.  Peers, 

members of the clinical team, and patients who may offer perceptions into the 

trainee's work habits, aptitude for teamwork, and interpersonal sensitivity serve 

as evaluators and fill out evaluation forms.  The evaluations often include 

routine behaviors that are evaluated by reliable sources, and assessments 
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frequently correspond with future clinical and academic success.  The results 

are rather reliable and consistency. 

2.3 A portfolio is a structure that contains proof of the accomplishment of learning 

objectives across time.  It is used to support learning and for formative and 

summative assessments.  It usually consists of textual papers, but it can also 

have multimedia, video or audio recordings, photographs, and other types of 

images. It can also be kept in an electronic format. It might contain a record of 

the case or procedure logs, literature reviews, peer assessments, etc.  Self-

reflection or assessment is also included in portfolios. The best use of portfolio 

assessment is to measure the mastery of competencies that are challenging to 

test in other ways, such as practice- based improvement, the use of scientific 

evidence in patient care, professional behavior, and patient advocacy. Portfolio 

evaluation is closely tied to self- directed learning.  The use of portfolios in 

formative evaluation and professional development is highly recommended. In 

this context, the portfolio for formative evaluation called developmental 

portfolio and the portfolio for summative evaluation called showcase portfolio. 

They are, however, fundamentally non-standardized.  

2.4 Oral examination or case- based discussion is the process by which the 

examinee's patients are evaluated via a standardized oral examination. A skilled 

doctor interrogates the subject regarding the care given, probing for the 

rationale behind the diagnosis, the interpretation of the clinical findings, and 

the treatment recommendations.  An established scoring formula and 

procedures are used by the examiner to rate the examinee.  It results in poor 

content validity, low interrater reliability, and inconsistency in marking or bias.  

2.5 Checklists include necessary or desired particular actions, behaviors, or steps 

that make up a more complicated competency. The presence of a checkmark 

or the word " yes"  denotes the occurrence of the behavior or the accuracy or 

completeness of an option. The checklist's predefined order of steps, which is 

rarely the case in practice, is a drawback.  The creation of a checklist 

necessitates agreement among a number of specialists regarding key behavior, 
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timing, and performance evaluation standards in order to assure the validity of 

the content and scoring rules. 

2.6 Procedure, operative, or case logs or logbooks provide detailed information 

about each patient the student encountered, including the illnesses they were 

treated for and the procedures or surgeries they underwent.  It keeps track of 

the number of continuous cases throughout time.  It is helpful in figuring out 

the range of medical experience.  

 

3. Workplace-based assessment (WPBA) 17,18,24,25 

3.1 Mini- clinical evaluation exercise ( mini- CEX)  is used when a supervising 

physician observes a learner- patient interaction in any healthcare setting.  It 

requires short period of 10 to 20 minutes.  During this time, the learner is 

expected to focus on getting a thorough history and physical examination. The 

learner then presents a diagnostic and treatment plan to the assessor. 

Following the use of a standardized form to grade the performance, 

educational feedback is given.  It is an effective technique for formative 

evaluation.  It also has good reliability comparable to structured examinations 

using standardized patients.  

3.2 Direct observation of procedural skills (DOPS) is a technique used to assess 

trainees as they do a procedure.  Informed consent, preoperative planning, 

analgesia, technical competence, aseptic technique, postoperative care, 

counseling, and communication competences are all assessed using this tool.  

 

 It is crucial to pick the appropriate tool for evaluating trainees.  It is critical to 

understand that not all tools are appropriate in all situations. No single approach can 

evaluate every sort of knowledge and skills; all assessment techniques have 

limitations.  Validity and reliability must be shown in an effective assessment.  All 

stakeholders, including students, faculty, and licensing organizations, should be able 

to implement the effective assessment and must find it acceptable.  Examiners must 

be properly trained in order to use some of the more recent assessment techniques. 

Ineffective assessments can encourage unhealthful learning methods. 
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The optimal assessment method of US skills performance could be done by 

using DOPS. DOPS are divided into two groups; DOPS with or without criterion. DOPS 

without criterion is easy to use, requires minimal training, and may be comprehensive, 

however, it has low reliability.  DOPS with criterion has an excellent reliability, easy to 

use and requires minimal training.  Moreover, DOPs with criterion can be used as 

formative assessment, summative assessment, and progress test. However, its coverage 

depends on the items being assessed. 

 Several assessment methods to evaluate learner’ s ability include their 

proposes, strengths, and limitations are described in table 1.5.17,24-27 

 

Table 1.5 Assessment methods with their domain, purpose of assessment, strengths, 

and limitations.17,24-27 

 

Methods Domain Purpose  Strengths Limitations  

Multiple 

choice 

questions 

(MCQs) 

Knowledge, 

applied 

knowledge 

Summative  Good reliability due 

to many content 

areas, short time 
 

Difficult to write, 

cueing 

Modified essay 

questions 

(MEQs) 

Knowledge, 

applied 

knowledge 

Summative  - Limiting reliability 

due to smaller 

samples, time-

consuming 
 

Global rating Shows how, 

performance 

Summative 

and 

formative 
 

Useful for assessing 

personal attitudes 

Subjective, vary 

reliability 

Portfolio Knowledge  Summative 

and 

formative 
 

Linked to self-

directed learning 

Non-

standardized, 

time-consuming 

Oral 

examination or 

VIVA 
 

Knowledge, 

applied 

knowledge 

Summative 

and 

formative 

 

Feedback provided 

by experts 

Subjective, bias, 

time-consuming 
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Methods Domain Purpose  Strengths Limitations  

Long essay 

questions 
 

Knowledge  Summative  - Low reliability 

Short-answer 

questions 

Applied 

knowledge 

Summative 

and 

formative 

Assess 

interpretation and 

problem-solving 

ability 

Low reliability 

due to limited 

samplings, time-

consuming, 

costly  
 

Extended 

matching item 

 

Knowledge, 

applied 

knowledge 

Summative - - 

Key feature 

test 

Applied 

knowledge 

Summative Good reliability and 

validity when 

constructed 

guideline 
 

Time-consuming 

Long cases Performance  Summative 

and 

formative 
 

Face validity Low reliability 

OSCE 
 

Shows how Summative 

and 

formative 

High reliability, 

consistency 

Time-consuming, 

expensive 
 

Mini-CEX 
 

Shows how, 

performance         

Summative 

and 

formative 

Feedback provided 

by experts 
 

Time-consuming 

DOPS 
 

Performance Summative 

and 

formative 

Excellent reliability, 

construct validity 

Require trained 

evaluators 
 

Checklists Performance Summative, 

formative 

Good validity, 

reliability 

Need trained 

evaluators 
 

360-degree 

evaluation 

Knowledge, 

applied 

Formative  Assess range of 

competencies 

Time-consuming, 

administratively 

demanding 
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Methods Domain Purpose  Strengths Limitations  

knowledge, 

performance 

OSCE, Objective structured clinical examination; Mini-CEX, Mini-clinical evaluation exercise; DOPS, 

Direct observation of procedural skills 

 

1.3.4 Assessment tool development 

Two main approaches to develop a new knowledge, guideline or tool include 

evidence- based methods and consensus development methods.  Evidence- based 

methods are appropriate for developing new researches with sufficient evidences while 

consensus development methods are proper if there are incomplete or limited 

evidences.28  

For medical education, consensus development methods are often used in 

varieties of purposes, for examples, to define new or revised course curriculum, to 

develop lists in the assessment tool, to set competencies of students or learners and 

to develop educational resources, etc.29  

Consensus development methods consist of two popular methods; Delphi 

process and nominal group technique. 29,30 Delphi technique includes a large number 

of participants, using the email questionnaire method, low cost, and avoided abusive 

dominance.  However, the limitation includes no extensive discussion or debate, and 

time consuming. On the other hand, nominal group technique includes a small number 

of participants with spacious interactions and extensive discussion, quite expensive 

cost, potential for outstanding participants and concluded immediately in a short 

period of time.29-31  

 The previous literatures which develop US skill assessment tools are described 

in table 1. 6.  The Delphi method and expert consensus method are commonly used 

when the purpose is to develop an assessment tool for US skills. 
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Table 1.6 Literatures of ultrasound skill assessment tool development32-39 

Literatures  Methods  

Endobronchial ultrasound skills and tasks assessment tool32 Expert consensus 

Development of an assessment tool to measure students’ perceptions 

of respiratory care education programs: Item generation, item reduction, 

and preliminary validation33 

Expert consensus 

International multispecialty consensus on how to evaluate ultrasound 

competence: A Delphi consensus survey34 

Delphi method 

Development and validation of an assessment tool for competency in 

critical care ultrasound35 

Delphi method 

A modified Delphi Process to define competencies for assessment leads 

supporting a doctor of pharmacy program36 

Delphi method 

The assessment of competency in thoracic sonography (ACTS) scale: 

validation of a tool for point-of-care ultrasound37 

Expert consensus 

Tools for measuring competency in clinical ultrasound: 

recommendations from the ultrasound competency word group38 

Expert consensus 

Development of a focused cardiac ultrasound image acquisition 

assessment tool39 

Delphi method 

 

1.3.4.1 Delphi method 

Delphi method or Delphi technique is the method to solve the particular 

problem according to group of expert’s consensuses. The word “Delphi” is the name 

of the Greek town.  The temple of Apollo locates in this town where once has been 

the home of the oracle.  Originally, it is developed by the RAND Corporation in the 

United States in 1950s.40 The Delphi project, likes the national defense study, has been 

used to predict the risk of atomic attack on United States.  Later, the Delphi method 

was used in many areas such as business, education, or technology.  Nowadays, the 

Delphi method is the procedure to discover the answer from expert’ s consensus in 

order to solve the specific problems.  
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The definition of Delphi according to Turoff M and Linstone HA in 197541 is 

quoted that “ Delphi may be characterized as a method for structuring a group 

communication process so that the process is effective in allowing a group of 

individuals, as a whole, to deal with a complex problem” 

Four characteristics of the Delphi method described by Rowe G, et al in 199142 

are shown as follows: 

1. Anonymity of participants:  This process is crucial because it prevents group 

guidance by someone due to its authority or reputation. Therefore, participants 

can comment and make decisions, independently.  

2. Iteration or repetition:  The Delphi process provides feedback to participants 

in the form of group comments, repeatedly. 

3. Controlled feedback:  The participants are allowed to explain or modify their 

comments until they reach a conclusion.  

4. Statistical group response:  Statistics are used to summarize group of 

comments.  

  

The typical three rounds of Delphi process are shown in figure 1. 18. 43 The 

Delphi process is the process with standard sequences as follows.  

- Create the research question:  The research question may originate from 

experience, literature review, or previous pilot studies. 

- Research design:  Design the research should be considered the feasibility of 

research. 

- Research sample: This process includes selection of experts and size. In Delphi 

method, there is no definite role or consensus about expert’s selection and its 

number.  Four factors to be determined in expert’ s selection are knowledge 

and experience, voluntary participation, adequate time, and effective 

communication.  



 47 
 
 

Figure 1.18 The typical three rounds Delphi process43 

 

Delphi round 1 questionnaires: After examining the literatures, the first round of 

the Delphi process can either involve brainstorming as part of the construction of a 

questionnaires ( traditional Delphi process)  or involve the revision of the initial, broad 

questionnaires based on the opinions of the experts (modified Delphi process). 

- Delphi pilot study:  The process is to test and adjust the preliminary 

questionnaires to be comprehensive and up-to-date. 

- Release and analyze the round 1 questionnaires:  The questionnaires will be 

sent to the participants.  The participants are asked to complete or rate the 

questionnaires and return it to the researcher. Then, the researcher will analyze 

the obtained answer and show the distribution of the answer including any 

suggestions or comments. 

Delphi round 2 questionnaires:  In this round, the number of items in the 

questionnaires could be reduced or increased as well as improved according to the 

participant’s suggestions. 

- Release and analyze the round 2 questionnaires:  The questionnaires will be 

sent back to the participants.  It contains information on the distribution of 
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answers and suggestions or comments from round 1. The participants are again 

allowed to edit or change their answers.  

Delphi round 3 questionnaires:  This is a duplicated process which usually 

enhance specificity of questionnaires to the research in each round. 

- Release and analyze the round 3 questionnaires:  This repeated process will 

be stopped when the research questions have answers or conclusions.  

- Verify, generalize, and document the research results. 

 

1.3.4.2 Clarifying the assessment criteria19,44 

 After items or characters of learners performing cranial US are completed using 

Delphi process.  The next step is to build the level of mastery; the description of 

characteristics at each level of mastery. A clear description of characteristics or criteria 

is essential.  Depending on how students interpret the expectations, the clarity of the 

assignment criteria influences both how easily and readily they accept the task and its 

quality. All as described above are a form of rubric.  

 The term " rubric"  refers to a helpful assessment tool that explain all of the 

particular criteria that students' work should meet and specifies the degree of quality 

required to meet each criterion.  These descriptions focus on the quality of 

performance, not the quantity of the procedure. Therefore, the rubric is a proper tool 

to evaluate skill performance as in this study, focusing on assessment of cranial US 

performance.  

 The steps to develop the rubric as a tool of assessment in this study are shown 

as follows.45,46 

1. Learning objective: The skills in each assignment must be assessed. Then, 

the task description or learning objective is the cranial US performance 

assessment. 

2. Performance criteria:  The observable criteria must represent those skills. 

In this study the criteria or items to be evaluated in cranial US assessment 

form should be developed using Delphi method. 

3. Performance levels:  Use the descriptors for each attribute separately to 

indicate the best and lowest performance levels for analytical rubrics.  
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4. Performance level descriptions:  When using analytical rubrics, finish the 

rubric by providing additional points along the continuum from outstanding 

to poor for each attribute.  For each intermediate level of performance, 

provide a description. 

 A rubric is an evaluation tool that delineates making criteria in great detail.  It 

can be used to assess a variety of student work including written assignments, 

presentations, class participation, total grades, and skill performance evaluation. 

 A rubric offers a list of standards that highlights the crucial elements of the 

activity being planned for or assessed.  The requirements and objectives for the 

assignment are made clearer via rubrics.  When properly applied, rubrics can give 

students useful and timely feedback, promote critical thinking and self- evaluation, 

explain objectives to students, highlight the abilities required for any activity, and 

promote fair and uniform grading. A rubric is organized like a matrix and has four parts 

(figure 1.19):19 

1. A task description: The performance being evaluated 

2. Rows: The characteristics that will be evaluated 

3. Columns: Levels of mastery or scales 

4. Cells:  A description of each characteristic at each level of competence or 

scale 

 

The most crucial assessment criteria that will be used to assess students’  work 

should be selected prior to start establishing the rubrics. Different assessment criteria for 

each assignment, discipline, and course level should be included in the rubrics. 

Descriptions of how each assessment criteria should be met by students will be designed 

when the most crucial assessment criteria are selected.  As in this study, these 

descriptions are known as performance levels, level of mastery, or assessment 

standards.  They can be portrayed using letter grades, a point total, or descriptions of 

various quality levels.  The examples include “ Outstanding- Competent- Require re-

thinking”, “1-10”, “Beginning-Developing-Accomplished-Exemplary”, or “Distinguished-

Proficient-Emergent-Insufficient”.19                                                                                         
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The crucial question is how many mastery or performance levels ought to be 

on the assessment form.  The vast majority of performance evaluation forms offer 

three, four, or five performance levels.  It is uncommon for an evaluation system to 

merely have two levels of ratings and function on a pass/ fail basis.  Additionally, it is 

highly rare for an appraisal tool to require distinctions between levels that are any 

finer than five.  The advantages and disadvantages of three, four, and five levels of 

performance are shown in table 1.7.47 

To overcome central tendency bias in performance evaluation, the optimal 

range of performance level or level of mastery is “four”. This will not allow them to 

be neutral. Moreover, in performance assessment tool, we need to force reviewers 

or raters to take a side such as pass/fail.  

 

 Figure 1.19 Example of rubric structure19 

 

Although “five levels of performance” is the most useful popularity in appraisal 

form, however, central tendency bias is the main disadvantage. The central tendency 

bias is the propensity for respondents to rate the majority of items in the middle of 

the scale. Similar to how central tendency bias affects performance evaluation, there 
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is a propensity for reviewers or raters to emphasize average results rather than unique 

findings.  Students who perform at their best might not feel valued if evaluations are 

made only on averages. This will seriously affect their motivation. On the other hand, 

even if they don't do a terrific performance, underperforming students might 

consistently get superior reviews.  These individuals will pass up the opportunity for 

development that an honest review may have offered.  

The neutral choice means a choice that has a midpoint, for example, three 

points scale, five points scale, and seven points scale.  The non- neutral choice refers 

to the scale without a midpoint, such as two choices, four points scale, and six points 

scale.  The use of neutral choice is popular in Likert scales which are commonly used 

in survey questionnaires.  Five points scale is also the most commonly used.  For the 

non- neutral choice is preferred in the practitioner question.  In this case, four points 

scale is favored. The different use of neutral and non-neutral choice is present in the 

table 1.8. The evidence validity and reliability of scale with neutral choice have been 

inconsistent. Another issue to consider should be include the number of scales.48 

 

Table 1.7 Advantages and disadvantages of three, four, and five levels of 

performance.47 

Advantages Disadvantages 

Five levels 

- Allows for the finest levels of performance 

distinction 

- Increased conformity to the bell curve 

distribution 

- The majority of managers think they can 

distinguish between the five performance 

levels 

- Consistent with the standard "A-B-C-D-F" 

school grading system 

- Simplest rating system, requiring less 

training 

 

 

- It could be more challenging for managers to 

explain how to achieve better performance 

levels 

- There are often only four levels used 

- Middle ratings are frequently seen negatively, 

such as average, mediocre, or "C-student" 

- Could promote a central tendency 
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Advantages Disadvantages 

Four levels 

- Excludes the center rating, which might be 

interpreted as "average" 

- The "central tendency" rating mistake is 

eliminated 

- May cause raters to be biased either 

positively or negatively 

- More precise distinctions than a three-level 

scale can be made 

- It might not be possible to tell which 

employees need to be terminated and which 

ones need to improve. 

- May cause raters to be biased either 

positively or negatively 

- There are often only three levels used 

Three levels 

- It is simple for managers to divide 

performance into three levels 

- If supervisors are given fewer options, they 

are more likely to be reliable and consistent 

- Some jobs might be evaluated more 

effectively on a "pass/fail" basis 

- Only three performance levels can be 

empirically demonstrated 

- A middle rating suggests expected 

performance rather than average 

performance 

- More consistent with TQM principles 

- Potentially insufficiently fine-grained 

performance distinctions 

- Managers often make system changes by 

including plusses and minuses 

- Does not differentiate between those who 

need to be fired and those who can be 

improved 

- There are often only two levels used 

- Does not allow for identifying the truly 

exceptional 2-5% 

TQM, Total quality management 

 

 

Table 1.8 The use of neutral and non-neutral choice on the Likert scale.48 

 Include a midpoint Omit a midpoint 

Benefit * Respondents are not compelled 

to agree or disagree, therefore, 

they are free to express their real 

neutral or indifferent opinion 

 

* Prevents respondents from 

possibly misusing the midpoint 
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 Include a midpoint Omit a midpoint 

Problem * Respondents may use the 

midpoint as a dumping ground 

when: 

- Lack sufficient knowledge of the 

survey's topic 

- Have mixed feelings about the 

subject 

- Have little interest in the 

subject 

- Believe their response depends 

on other variables 

- They strive to give responses 

that are more acceptable in 

society 

 

* Respondents are not given the 

chance to express their neutral 

opinion 

* Making respondents choose a 

side could lead to biased results 

When * Due to their familiarity with the 

subject, respondents ought to be 

given the opportunity to provide 

a neutral opinion 

* For the purpose of statistical 

analysis, it is crucial to use the 

scale as an interval scale 

* Respondents are:  

- Unfamiliar or uncomfortable 

with the survey topic  

- Unlikely to have developed an 

opinion on the topic  

- Facing intense social desirability 

pressures 

- Propensity to have satisficing 

behavior 

 

Strategies to use * Clarify survey questions since 

people often choose a midpoint 

when they're unsure of what the 

questions mean 

* Include extra alternatives like 

"Not applicable", "I'm not sure", or 

“It varies” 

* Instead than imposing a choice 

on respondents, include “I don't 

know” or “Not applicable” 

alternative 
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Type of Rubrics19 

There are two types of rubrics and of methods for evaluating students’ efforts:  

1. Holistic rubrics  

One- dimensional or holistic rubrics that measure participants' overall 

performance on a task or item in accordance with set standards of performance. 

Performance descriptions are typically written in full sentences and paragraphs (table 

1.9).19 

Table 1.9 Example of holistic rubrics19 

Score Criteria 

4 (80-100%) Research paper displays thorough comprehension and accomplishment 

of the given goals.  The thesis statement/ argument is clearly expressed, 

intricate, and unique, and the writing does not devote an excessive 

amount of time to one point of development at the expense of 

advancing other topics in the paper's main body.  Additionally, writing 

must be free of errors, clear of ambiguity, and read smoothly, creatively, 

and purposefully. 

3 (70-79%) Research paper displays thorough comprehension and accomplishment 

of the designated goals, The thesis statement or argument is presented, 

veers toward being complicated and original, and the writing exhibits 

accuracy and balance in building body points, yet it may occasionally 

display faults and errors in correctness. Although there are some mistakes 

and ambiguities in writing, it still reads clearly and coherently. 

2 (60-69%) Research paper displays partially understood and carried out of the 

specified goals.  The thesis statement or argument is faintly presented 

and/ or expected and unconfident, and the language is uneven in terms 

of balance in building body points, showing faults and errors in 

correctness.  Additionally, writing frequently contains mistakes and 

ambiguities, which can make it read strangely and erratically. 

1 (50-59%) The research work shows a lack of comprehension and application of the 

given goals.  The thesis statement or argument is oversimplified, 

unoriginal, or absent altogether and the writing is imbalanced in building 

body points, weak, and unfinished. Additionally, the writing is riddled with 

mistakes and ambiguities and reads incoherently. 
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2. Analytic rubrics 

Two- dimensional or analytical rubrics, where the rows are the assessment 

criteria and the columns are the levels of achievement.  allows raters to use a single 

rubric to evaluate participants' accomplishments across numerous categories.  By 

adding up the criteria, raters can give each criterion a distinct weight or value and 

include an overall success (table 1.10).19 

 

Table 1.10 Example of analytic rubrics19 

Level of mastery 

Criteria Excellent  

(80-100%) 

Good  

(70-79%) 

Competent  

(60-69%) 

Adequate  

(50-59%) 

Knowledge of 

forms, 

conventions, 

terminology, and 

strategies relative 

to the importance 

of sources to 

subject 

Displays 

thorough and 

incisive 

understanding of 

forms, 

conventions, 

terminology, and 

tactics in relation 

to the 

significance of 

source to the 

topic 

Significant 

understanding 

of forms, 

conventions, 

terminology, 

and tactics in 

relation to the 

significance of 

sources to the 

topic 

 

Demonstrates 

some familiarity 

of forms, 

conventions, 

terminology, 

and strategies 

relative to 

importance of 

sources to the 

topic 

Lacked 

understanding of 

forms, 

conventions, 

terminology, 

and strategies 

relative to 

importance of 

sources to the 

topic 

Critical and 

creative thinking 

skills 

Makes excellent 

use of critical 

and creative 

thinking skills 

 

 

Effectively 

employs critical 

and creative 

thinking skills 

Modest 

effectiveness 

when applying 

critical and 

creative thinking 

skills 

Restricted use of 

critical and 

creative thinking 

skills 

Communication of 

information and 

idea 

Communicates 

information and 

ideas with 

confidence and 

Communicates 

information and 

ideas with great 

clarity 

Communicates 

information and 

ideas with 

partial clarity 

Communicates 

information and 

idea with lack 

clarity 
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Level of mastery 

Criteria Excellent  

(80-100%) 

Good  

(70-79%) 

Competent  

(60-69%) 

Adequate  

(50-59%) 

a high level of 

clarity 

Quality of 

argument and 

writing 

The argument is 

sophisticated 

and original and 

the writing is 

powerful, fluent, 

and creatively 

coherent 

The argument is 

complicated 

and original and 

the writing is 

concise and 

cogent  

The argument 

adopts a 

reasonable and 

expected stance 

and the wording 

is somewhat 

cohesive and 

understandable 

The argument is 

straightforward 

and unoriginal 

and the wording 

is weak and 

inconsistent 

Spelling and 

grammar 

No errors  Some errors  A few errors  Several errors  

 

The summation of advantages and disadvantages of rubrics are described in 

the table 1.11.49 

Table 1.11 The advantages and disadvantages of rubrics49 
Advantages Disadvantages 

Rubrics motivate students to exercise critical 
thought about their own performance and 
written work. 
 

Because the rubric scale offers so many 
variables, using it could be a little challenging. 

Additionally, by fostering metacognition, 
rubrics can help students become more 
perceptive learners. 
 

Rubrics' language is not as straightforward as it 
should be. 

Due to its emphasis on "criterion-referenced 
rather than norm-referenced" grading, it aids 
educators in making more better decisions. 

The lower scale might describe student 
achievement in a negative manner, 
discouraging students. 
 

Learning objectives are made more clearer 
to students through rubrics, resulting in more 
fair treatment of students. 
 

Each level needs to be easier to measure and 
monitor. 

It lessens the chances that teachers will 
favor their students. 

A more thorough specification is required. 
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1.3.5 Principle of assessment tool evaluation 

1.3.5.1 Validity and reliability50-52  

Validity and reliability are qualities that should be included in every well-

designed evaluation tool.  Therefore, each assessment tool used to measure the 

outcomes of the study must have its validity and reliability evaluated and reported.  

 Validity describes the correctness of a test or assessment tool. It refers to how 

effectively the evaluation captures the key outcome of interest.  Validity is not a 

characteristic of the instrument per se, but rather of how the tool is used in a certain 

context with a given group of learners. 

 

The validity is divided into 3 types:50 

1. Construct validity refers to the tool that can measure the intended 

construct. 

2. Content validity refers to the tool that can accurately measure all aspects 

of the content.  It offers a summary of the procedures followed in 

developing the tool, including who is responsible for doing so.  In other 

words, national experts would give the tool more validity than local 

experts, and local experts would give the tool more validity than non-

experts. 

3. Criterion validity refers to the tool that can measure the same variables in 

comparison with the existing tool.  Concurrent validity refers to the validity 

of  the criterion when it is measured concurrently with the construct; 

predictive validity, on the other hand, refers to the validity of the criterion 

when it is measured at some point in the future after the construct has 

been measured. 

 

 Reliability of assessment tool means that it consistently produces the same 

outcomes when using with the same set of individuals and environments.  In its 

simplest form, reliability refers to reliable or consistent outcomes.  In determining 

validity, reliability is a component.  
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There are 3 types of reliability:51  

1. Test- retest reliability means the stability of measurements at different 

times (overtime), one rater, and at least two administrations. Assuming the 

thing needs to be measured does not change over time.  For example, the 

student who has high test score today, will have high test score next week. 

They are frequently evaluated using Pearson’ s r correlation.  In general, a 

test- retest correlation of + . 80 or greater is considered to indicate a good 

reliability. 

2. Inter-rater reliability means the stability of measurements when measured     

by different raters or observers using the same tool ( across raters) . 

Generally, it is estimated by percent agreement and kappa.  

3. Internal consistency reliability means the stability of measuring 

instrument when divided its section (across items). It measures the degree 

of correlation between the answers.  The scores of those items are 

correlated with each other.  It is common practice to determine the 

correlation coefficients between the answers on your evaluation instrument 

using the Cronbach’ s alpha test of internal consistency.  The set of items 

are evaluated the mean of all possible split-half correlation.  

 

 The assessment tool to be created in this study is targeted at the evaluation 

of cranial US performance as part of DOPS.  It is important to evaluate how well the 

resident performed on the cranial US. The inter-rater agreement must be important in 

determining observer judgments of resident performance. 

  

1.3.5.2 Choosing the right reliability statistic53 

 The type of data should be taken into account when selecting the 

dependability statistic.  Statistics' level of measurement separates the data into two 

primary categories; categorical data and continuous data.  The nominal and ordinal 

data types are both present in the categorical data.  Interval and ratio are the other 

two forms of continuous data.  Depending on the kind of data we have gathered, the 

dependability coefficient needed for our analysis will change (figure 1.20).53 
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 Four levels of measurement are available:  

1. Nominal: The data can only be categorized. There is no order between the 

categories.  Examples are male/ female, seen/not seen, marital status, and 

yes/no. 

2. Ordinal:  The data can be ranked and categorized.  However, there is no 

how different of interval between ranking. For instance, a Likert scale rating, 

cancer stages, etc. 

3. Interval:  The data can be categorized, ranked, and distributed uniformly. 

The intervals between ranking are equal.  There is no true zero point.  For 

examples, ratings on a visual analog scale, IQ level, and temperature in 

Fahrenheit or Celsius.  

4. Ratio:  The information has a natural zero, can be categorized, ranked, and 

is equally spaced.  Examples include test scores, body weight, height, or 

temperature in Kelvin. 

 

 

 

 

 

 
* Cohen’s Kappa can only be used where there are only two raters, all other measures are suitable for 

use with  two or more raters. 

Figure 1.20 Selection of suitable inter- and intra-rater reliability coefficients 

depending on the type of data to be analyzed53 
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Reliability of nominal data 

With binary data and two raters for inter- rater reliability or twice for intra- rater 

reliability, the simplest reliability test would be conducted. Cohen's Kappa, a measure 

of agreement that has been chance-adjusted, is the most often used coefficient. Similar 

options to Cohen's unweight Kappa include Krippendorf's alpha, Fleiss' Kappa, and 

Gwet's AC1, all of which can be applied in scenarios with three or more raters.53 

  

Reliability of ordinal data 

Whenever categories can be arranged in a hierarchy, such as from weak to 

strong or low to high, this is referred to be ordinal data.  Because it does not consider 

the size of the difference between data points and treats any discrepancy as a full 

disagreement, the basic Kappa coefficient previously mentioned is not appropriate for 

analyzing such data.  However, when the data is ordinal, raters may provide identical 

scores, which still represents some degree of agreement, as in the case of Raters 1 and 

2 in figure 1.21.53 

Cohen J developed a weighted version of his Kappa coefficient (Kw) to get over 

the problem that Kappa coefficients have with ordinal data analysis.  With fewer 

restrictions than Cohen's Kappa and the potential to be extended to evaluate ordinal 

data, Krippendorf's alpha is a particularly adaptable reliability coefficient.  The use of 

these metrics for analyzing ordinal data overlaps significantly with the usage of 

conventional correlation coefficients.  When utilized in two- rater ordinal data studies, 

Krippendorf's alpha is mentioned as being equivalent to Spearman's r while the 

weighted Kappa is sometimes directly equivalent to a Pearson's r.  The range of 

Krippendorf's alpha is between 0, which denotes utter lack of reliability, and 1, which 

denotes perfect reliability. Although it is even less frequently used than Krippendorf's 

alpha, Gwet's AC1 has a weighted variant for usage with ordinal data.53-55 
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Figure 1.21 Five-point Likert scale example with varying degrees of disagreement. 

Raters 1 and 2's given scores differ by one point, however Raters 3 and 4's differ by 

three points, presumably indicating a far greater degree of disagreement53 

 

Reliability of continuous data 

 It is advised to use an intraclass correlation coefficient ( ICC)  to evaluate the 

reliability of inter- rater and intra- rater agreement for continuous data since it can 

account for systematic bias in measurements that decrease dependability.     

A straightforward contingency table (table 1.12) can be created in this situation 

by simply organizing the data.  Calculating an unweighted coefficient that corrects for 

chance agreement is the proper procedure for assessing agreement with such data. 53-

57 

 

Table 1.12 A 2x2 table of sample results in example comparing 2 different raters 

rate of presence or absence of a finding on imaging53-57 

Rater 2 Rater 1 Total 

Present Absent 

Present 30 (a) 11 (b) 41 (g1) 

Absent 8 (c) 23 (d) 31 (g2) 

Total 38 (f1) 34 (f2) 72 (N) 

 

The kappa (k) statistic formula52: k = Po-Pe/1-Pe 

Where Po = observed (percent) agreement, (a+d)/N 

          Pe = agreement expected by chance, ((g1*f1)+(g2*f2))/N2 

In our example 



 62 
 

 Po = (30+23)/72 = 0.736 

 Pe = ((41*38)+(31*34))/722 = (1558+1054)/5184 = 0.504 

 K = (0.736-0.504)/(1-0.504) = 0.232/0.496 = 0.468 

 

The kappa value ranges from - 1 to +1.  The value below 0, although unlikely 

occurred, means disagreement.  The value of + 1 indicates perfect agreement.  The 

interpretation of kappa value is described in table 1. 13.  The accepted kappa value is 

of .80 or more.56-59 

 

Table 1.13 Cohen’s kappa interpretation56-59  

 

 

After the kappa value is achieved, confidence interval is needed to confirm the 

value of obtained kappa. The smaller or narrower confidence interval represents more 

precise of agreement.  

 

The confidence interval formula58 is 

 
where: 1.96 is the constant value to multiply with the standard error of kappa 

(SEκ)  

 

The standard error of kappa (SEκ) formula is 

 

Value of kappa Level of agreement 

0.00-0.20 None to slight 

0.21-0.40 Fair 

0.41-0.60 Moderate 

0.61-0.80 Substantial 

0.81-1.00 Strong 
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where:  P represents the actual observed agreement, and Pe represents 

expected chance agreement 

 

Pearson’ s correlation coefficient is evaluated in both construct validity and 

test-retest reliability. The construct validity is determined between correlation of total 

score or overall performance and number of previous cranial US.  The correlation of 

test-retest reliability is analyzed, after the retest is performed at 1 month.  
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     Chapter 2 

Methodology 

 

2.1 Study design 

         This study was an experimental study taken place at the neonatal intensive care 

unit ( NICU)  of Pediatrics department and ultrasound room of Radiology department, 

Faculty of Medicine, Prince of Songkla University. The study was approved by the Ethics 

Committee of Faculty of Medicine, Prince of Songkla University. The approval number 

was REC 62-342-7-1, dated 12-25-2019. This study was performed based on the ethical 

principles of the Declaration of Helsinki and The International Conference on 

Harmonization in Good Clinical Practice.  

 

2.2 Study procedure 

This study used mixed-methods of Delphi technique to develop a new cranial 

US assessment tool.  The developed new assessment tool in cranial US skill 

performance was evaluated using the Delphi process for content validation and 

Cohen’ s Kappa with percent agreement for inter- rater reliability.  The methods were 

divided into two phases; assessment tool development and assessment tool 

performance evaluation.  

2.2.1 Phase I: Development of the new cranial US assessment tool40-43 
The modified Delphi method with three steps procedures including 

development of initial cranial US assessment form, selecting group of expects into 

expert panel, and shaping and verifying the final assessment form was used to 

develop the new cranial US assessment tool.  

First step: Generating items for the initial cranial US assessment form 

The research question of this study was “How can we accurately assess the 

cranial US performance of radiologic residents, Department of Radiology, Faculty of 

medicine, Prince of Songkla University?”  To answer the question, the cranial US skill 

assessment tool needed to be developed and validated. 
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Drafting the assessment items in the initial cranial US assessment form was 

initiated from the literature review. 34,35,37,60- 64 The literature review was collected by 

searching the Pubmed from 2011- 2020 with key words as ‘ ultrasound’ , ‘ skill’ , 

‘assessment’, ‘tool’. Overall, 300 related articles were extracted. Of those, 265 were 

excluded due to unrelated or repetitive articles, leaving 35 articles to be reviewed.32,63-

96 All aspects of general US skills that suitable for and significantly correlated with 

cranial US were inserted into the initial assessment form as initiated items. The detail 

of items generation was in the appendix H.  

Second step: Selecting group of experts into expert panel 

The selection criteria of the experts included pediatric radiologists currently 

practice in the pediatric radiologic field with an experience in neonatal cranial US for 

at least 3 years. All pediatric radiologists in Thailand who met the criteria were invited 

to participate in this study via the Google form.  Those who were invited and would 

like to be part of the expert panel filled the Google form with maintaining anonymity. 

Third step: Delphi process 

The Delphi method is the method to seek the answer for specific problem from 

expert’s consensus, therefore, it is suitable for this study. The important aspects to be 

concerned in the Delphi method include anonymity of experts, iteration, feedback 

control, and statistical analysis of the results.  The Delphi process is the iteration 

process and will be performed until reaching the consensus.  

The Delphi process in this study included the iteration process as follows: 

1. First round of the Delphi study:  After the primary researcher developed the 

initial cranial US assessment form following the literature review, it was sent to 

the participated experts as Google form via emails.  The participated experts 

were requested to score each item on 5- point rating score.  The scores were 

ranged from 1 to 5; 1 meant the item was not relevant, 2 defines as the item 

as relevant but not important, 3 to 5 mean these items were relevant and 

important.  5 was equivalent to most important ( 3=  little important, 4= 

moderately important, 5= absolutely important). The experts were also asked 

to give comments or opinions to eliminate some items or add other items 

including modified the initial items. This process might be a part of qualitative 
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assessment of content validity because repetitive nature of Delphi process and 

all selected experts have an extensive knowledge in cranial US. 

2. Analysis of the Delphi round 1 result from experts:  After first round of the 

Delphi process was completed, the mean scores and their distribution were 

evaluated.  All items that had scores equal or more than 4 were kept and 

eliminated the lower mean scores. In each round, we allotted a total response 

time of 1 month, with email reminders sent to non-responders after 2 weeks.  

3. Second round of the Delphi process:  The cranial US assessment tool that 

eliminated the lower score items and added the new items from expert 

opinions was sent again to all experts to evaluate the mean scores and 

distribution of all experts. The experts were asked to re-rank their rating scores 

and provide opinions, with opportunity to change their scores after viewing 

group’s replies of the previous round.  

4. Analysis of the Delphi round 2 results, third round of the Delphi study, and 

analysis of the Delphi round 3 results were repeated processes which was 

stopped when the opinions were concluded without further suggestion.  

5. Setting the performance levels came after completing the elements to 

determine performance criteria for cranial US. We settled on the following four 

performance levels:  Distinguished, Proficient, Emergent, and Insufficient.  We 

used these four levels with superior scoring performance dependability than 

fewer levels when making formative and summative decisions.  For each level 

of each performance criterion, performance descriptions were created using 

rubrics, which offer information to help raters make decisions.  

6. All finalized items in the cranial US assessment tool from third round of Delphi 

process were divided into three divisions:  the preparation phase, US machine 

operation, and cranial US performance, and their sum was the overall 

performance score. 

7. The final step involves research documentation, verification, and generalization 

of the final cranial US evaluation instrument with a rubric scale that was once 

more submitted to all experts for approval.  This process resulted in a fully 

designed cranial US skill assessment tool. 
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2.2.2 Phase II:  Determination of reliability of the new cranial US assessment 

tool97-101  

In this phase II, it was determined whether the final cranial US skill assessment 

tool was reliable.  Two pediatric radiologists who were raters used the tool to assess 

the cranial US skill performance of radiologic residents as seen on video footage. 

Interrater reliability was assessed using the Cohen's Kappa.  

Inclusion criteria:  

1. The cranial US performers included PGY- 1, PGY- 2, and PGY- 3 radiologic 

residents (who have different levels of cranial US experience) , Department of 

Radiology, Prince of Songkla University. 

2. All babies who were scheduled to obtain the cranial US either at the US unit, 

Department of Radiology or admitted at the NICU, Department of Pediatrics, 

Faculty of Medicine, Prince of Songkla University. 

 

Sample size: 

The sample size was calculated with the formula by Flack et.al.102 

 
 

N= sample size 

K0= value of Kappa of null hypothesis = 0.3 or 0.4 

K1= value of Kappa of alternative hypothesis (from previous literature) = 0.7 

or 0.8 

Beta= power 

Alpha= 0.05 

Alternative hypothesis = two-sided 

 

In this study, there were 4 categories of rating items with power (nb)  at 90.0% 

and alpha of 0. 05.  According to guidelines of the minimal sample size requirements 

for Cohen’s Kappa55 the minimal sample size was 26 (figure 2.1). 
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Figure 2.1 Guidelines of the minimal sample size requirements for Cohen’s 

Kappa55 

 

Informed consent: 

The final cranial US assessment tool from phase I was used to evaluate cranial 

US skills performance of radiologic residents after the information and objectives of 

the study were given to either radiologic residents or neonate’ s parents who 

participated in this study with written informed consent.  Two raters were assigned to 

use the assessment tool and completed the form after standardization with instruction 

sheets.  

Video recording:  

All items of final cranial US assessment tool were used to evaluate the cranial 

US skills performance among radiologic residents recorded in the video footage. Video 

footage was recorded using two mobile video cameras by the researcher.  The 

researcher was trained to record the video including angle of the camera and filed of 
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view in order to provide the same quality of video images.  The first device recorded 

hand movement of the residents. The second device recorded the US screen and US 

pad to evaluate performer’ s skills of using US machine and ability to create the US 

images.  The US performers were asked to wear gloves on both hands during the 

procedure.  Prior to recording the video, the pediatric radiologic staff, other radiologic 

residents, and NICU nurses were requested not to comment, intervene, or give any 

suggestion during cranial US procedure.  If the recorded video images revealed the 

name or face of the participants, it would be concealed.  Two video- recorded from 

both cameras of the same baby were merged into one footage, synchronously, with 

high definition (HD) resolution (figure 2.2).  

 

 

 

 

 

 

 

 

 

       

 

Figure 2.2 Merge video footage showed the view of resident’s skill on US machine 

and view of resident’s hand movement during US.                             

 

Cranial US procedure:  

A small 8- 5 MHz curvilinear transducer, the most suitable for assessing the 

anterior fontanel, was used to perform cranial US. The probe was placed at the anterior 

fontanel without pressure, using a gel applied to the probe to ensure a good contact 

between the probe surface and adjacent scalp skin.  The baby was placed in supine 

position during examination.  The cranial US was started with coronal view.  Then, the 
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probe was rotated 90 degrees to perform US on sagittal view.  The US images should 

be recorded as the standard cranial US protocol (as shown in the chapter 1). 

Cranial US skill evaluation:  

The cranial US skills performance of radiologic residents recorded on video 

footage was independently evaluated by two raters using the developed new 

assessment tool. Two raters were pediatric radiologists from different institutions either 

pediatric or university hospital.  

 

2.3 Statistical analysis 

 Expert characteristics were listed as percentage values. Each item's mean score 

was assessed during the Delphi process.  Cohen's Kappa ( unweighted and weighted 

Kappa)  was used to determine how reliable each assessment tool item was.  The 

degree of agreement between two raters was also calculated.  The construct validity 

was evaluated by comparing total score and level of residents by PGY, total score and 

experience of cranial US cases, overall performance and level of residents by PGY, and 

overall performance and experience of cranial US cases residents using t- test or 

ANOVA. A p value < 0.05 was indicated statistically significant. The internal consistency 

reliability was also determined using Cronbach’s alpha coefficient. Utilizing R software 

3.6.1, all data were analyzed. 
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Chapter 3 

Results 

 

3.1 Phase I: Assessment tool development 

3.1.1 Participants 

 All 28 pediatric radiologists in Thailand have been invited to be the expert 

panel in this study. An online community of pediatric radiologists was used to distribute 

the invitation forms. Seventeen pediatric radiologists (60.7%) consent to participate in 

the Delphi procedure.  Table 3. 1 displays the characteristics of the experts in both 

Delphi round 1 and round 2.  Majority of expert participants were female ( 82. 3%and 

84.6%), working as instructors (52.9% and 61.5%) in the University Hospital (70.6% and 

61.5%). Over 50% of the experts experienced on the cranial US for more than 5 years. 

Table 3.1 Characteristics of expert participants in round 1 and 2 (n=17 and n=13) 

Characteristics Number (%) Number (%) 

Gender 

     Male 

     Female 

  

3 (17.7) 

14 (82.3) 

 

2 (15.4) 

11 (84.6) 

Position 

     Instructor 

     Assistance Professor 

     Associated Professor 

     Professor 

  

9 (52.9) 

3 (17.7) 

3 (17.7) 

2 (11.7) 

 

8 (61.5) 

3 (23.1) 

2 (15.4) 

0 (0) 

Workplace 

     University Hospital 

     Pediatric Hospital 

     General Hospital 

     Others 

 

12 (70.6)  

2 (11.8) 

2 (11.8) 

1 (5.8) 

 

8 (61.5) 

2 (15.4) 

2 (15.4) 

1 (7.7) 

Experiences on cranial US (years) 

     3-5  

     >5-10  

     >10  

 

8 (47.1) 

4 (23.5) 

5 (29.4) 

 

6 (46.2) 

3 (23.1) 

4 (30.7) 
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3.1.2 Delphi process 

 Three rounds of the Delphi process were described as below.  The response 

rate of experts in round 1 was 60.7% and round 2-3 was 76.5% (table 3.2). 

 

Table 3.2 Response of experts to Delphi process 

Delphi round No. sent out No. responders (%) 

1 28 17 (60.7) 

2 17 13 (76.5) 

 

 

Delphi round 1 

 From the literature review, 14 pertinent items were established and included 

in the initial evaluation form ( table 3. 3) .  These items included the position of US 

machine, selected appropriate probe, corrected handing of probe, applying of gel on 

probe, using proper functions of US machine, adjusting appropriate gain and frequency, 

adjusting depth and focus to include whole brain and appropriate area of focus, 

cleaning the probe after using, corrected placement of probe at anterior fontanel to 

starting US, corrected probe orientation, displaying cranial US approach, presenting of 

relevant brain structures according to standard protocol, identified the positive 

findings, and overall performance. All experts taken part in the Delphi round 1 received 

the Google form containing these 14 items via emails ( figure 3. 1) .  The mean scores 

and distributions of all items are shown in table 3. 4.  ‘ Additional US by employing 

linear probe' and 'identified patient' were two new items added from the expert 

recommendation in Delphi round 1. 
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Table 3.3 Items in the initial assessment tool 

Items  

1. Position of US machine, appropriately 

2. Selection appropriate probe 

3. Corrected handing of probe 

4. Applying of gel on probe 

5. Using proper functions of US machine 

6. Adjusting appropriate gain and frequency 

7. Adjusting depth and focus to include whole brain and appropriate area of focus 

8. Cleaning probe after using 

9. Corrected placement of probe at anterior fontanel to starting US 

10. Corrected probe orientation 

11. Displayed cranial US approach, systematically 

12. Presenting of relevant brain structures according to standard protocol 

13. Identified the positive findings (e.g. IVH, PVL, hydrocephalus, and anomaly) 

14. Overall performance 

 

 

 

 



 74 
 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 The Google form of rating scale for initial items in cranial US assessment 

tool 

 

Table 3.4 Initial items with mean scores and distributions in Delphi round 1. 

 

Items Distribution (n=17) Mean 

scores 
5 4 3 2 1 

1. Positioned US machine, appropriately 7 9 1 0 0 4.35 

2. Selected appropriate probe 16 1 0 0 0 4.94 

3. Corrected handing of probe 14 3 0 0 0 4.82 

4. Applying of gel on probe 10 7 0 0 0 4.59 

5. Using proper functions of US machine 13 4 0 0 0 4.76 

6. Adjusting appropriate gain and frequency 12 5 0 0 0 4.71 

7. Adjusting depth and focus to include 

whole brain and appropriate area of 

focus 

17 0 0 0 0 5.00 
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8. Cleaning probe after using 8 8 1 0 0 4.41 

9. Corrected placement of probe at 

anterior fontanel to starting US 

15 2 0 0 0 4.88 

10. Corrected probe orientation 16 1 0 0 0 4.94 

11. Displayed cranial US approach, 

systematically 

11 6 0 0 0 4.65 

12. Presenting of relevant brain structures 

according to standard protocol 

13 4 0 0 0 4.76 

13. Identified the positive findings (e.g., IVH, 

PVL, hydrocephalus, and anomaly) 

17 0 0 0 0 5.00 

14. Overall performance 13 4 0 0 0 4.76 

 

Delphi round 2 

 The second round of Delphi process involved sending the experts the updated 

assessment form initiated from the Delphi round 1 including all of the original items 

with mean scores of 4 or more and the two newly added proposed items. The results 

of Delphi round 2 are shown in table 3. 5.  All items had average mean scores of 4 or 

more.  The item of ‘ additional US by using linear probe’  was suggested to change to 

‘ selected appropriate probe’ .  No more additional comment, recommendation or 

changed items from the experts in round 2.  In this stage, there were final 15 items 

consisted of identified patient, position of US machine, selected appropriate probe, 

corrected handing of probe, applying of gel on probe, using proper functions of US 

machine, adjusting appropriate gain and frequency, adjusting depth and focus to 

include whole brain and appropriate area of focus, cleaning probe after using, 

corrected placement of probe at anterior fontanel to starting US, corrected probe 

orientation, displaying cranial US approach, presenting of relevant brain structures 

according to standard protocol, identified the positive findings, and overall 

performance. 
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Delphi round 3 

 All 15 finalized items were accepted by the experts without additional 

comments.  The assessment form's rubric scale was created based on the 

characteristics of each item by divided into 3 sections:  the preparation phase, US 

machine operation, and cranial US performance.  Four degrees of competence 

including distinguished, proficient, emergent, and insufficient were established ( table 

3.6). The experts received the final assessment form with rubric scale for approval. In 

round 3, there were an agreement and verification by all experts. 

 

Table 3.5 Items with mean scores and distributions in Delphi round 2 

 

Items Distribution (n=13) Mean 

scores 
5 4 3 2 1 

1. Positioned US machine, appropriately 5 7 1 0 0 4.31 

2. Selected the appropriate probe 12 1 0 0 0 4.92 

3. Corrected probe handing  11 2 0 0 0 4.85 

4. Appling of gel on the probe 10 3 0 0 0 4.77 

5. Using proper functions of the US machine 10 3 0 0 0 4.77 

6. Adjusting the appropriate gain and frequency 11 2 0 0 0 4.85 

7. Adjusting the depth and focus to include the 

whole brain and appropriate area of focus 

11 2 0 0 0 4.85 

8. Cleaning the probe after using 7 5 1 0 0 4.46 

9. Correctly placed the probe at the anterior 

fontanel to starting US 

10 3 0 0 0 4.77 

10. Corrected probe orientation 13 0 0 0 0 5.00 

11. Displayed cranial US approach, systematically 8 4 1 0 0 4.53 
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12. Presenting the relevant brain structures 

according to standard protocol 

9 4 0 0 0 4.69 

13. Identified positive findings (e.g., IVH, PVL, 

hydrocephalus, and anomaly) 

13 0 0 0 0 5.00 

14. Overall performance 8 5 0 0 0 4.62 

15. Identified the patient 10 3 0 0 0 4.77 

16. Additional US using a linear probe 7 5 1 0 0 4.46 
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Table 3.6 Final cranial US performance assessment form with rubric scale 

Cranial US performance assessment form with rubric scale 

 4 

(Distinguished) 

3 

(Proficient) 

2 

(Emergent) 

1 
(Insufficient) 

*Preparation 

phase (2 items) 

Identified 

patient 

 

 

Done and 

confirmed 

 

 

Done 

 

 

Not done 

 

 

Wrong 

patient 

Properly 

positioned the 

US machine 

Located to the 

right, close to the 

patient 

Located to the 

right of the 

patient 

Any side but 

tries to do 

with the 

dominant 

hand 

Any side and 

operates with 

the non-

dominant 

hand 

*US machine 

operation (7 

items) 

Selecting the 

appropriate 

probe  

 

 

Small curvilinear 8-

5 MHz probe 

 

 

Linear high-

frequency probe 

 

 

Large 

curvilinear 

low-frequency 

probe 

 

 

Hockey stick 

probe 

Corrected 

probe handling 

Complete Inadequate Improper Incorrect 

Applying warm 

gel onto the 

probe 

Put the optimal 

amount of gel onto 

the probe 

Put gel onto the 

probe 

Put the gel on 

the patient’s 

head 

Did not use 

gel 

Using proper 

buttons on the 

US machine 

Familiar with 

operating 

Operated with 

experience but 

was inconsistent 

Operated with 

inexperience 

Unable to 

operate 

Adjusted gain 

and frequency, 

correctly 

Appropriate Inappropriate Incorrect Unable to 

operate 
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Cranial US performance assessment form with rubric scale 

 4 

(Distinguished) 

3 

(Proficient) 

2 

(Emergent) 

1 
(Insufficient) 

Adjusting the 

depth and 

focus to 

include the 

whole brain 

and 

appropriate 

area of focus 

Optimum field of 

view, depth, and 

focus 

Included the 

whole brain but 

inappropriate 

depth and focus 

Included 

partial brain 

Unable to 

operate 

Cleaning the 

probe after 

using 

Done   Not done 

*Cranial US 

performance (5 

items) 

Corrected 

placement of the 

probe at the 

anterior fontanel 

 

 

 

Placed on the anterior 

fontanel with good 

contact 

 

 

 

Placed on the 

anterior fontanel 

with poor contact 

 

 

 

Place on 

another 

fontanel 

 

 

 

Placed on 

other areas 

Confirmed the 

side of brain 

orientation 

Correct side with 

confidence 
Confirmed several 

times 
Not done  Wrong side 

Displayed cranial 

US approach, 

systematically 

Consistently 

systematic display 
Some systematic 

display 
Unsystematic 

display 
Could not 

display 

Presenting the 

relevant brain 

structures 

according to 

standard protocol 

Followed standard 

protocol 

Inconsistent Presence of 

some images 

Could not do 
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Cranial US performance assessment form with rubric scale 

 4 

(Distinguished) 

3 

(Proficient) 

2 

(Emergent) 

1 
(Insufficient) 

Identified positive 

findings (e.g., IVH, 

PVL, 

hydrocephalus, 

or anomaly) 

Completely identified 

positive findings 

Identified some 

findings 

Missed positive 

findings 

Could not do 

 

 

3.2 Phase 2: Assessment tool performance evaluation 

3.2.1 Subject characteristics  

 Neonates 

 Twenty-seven neonates participated in this study. Mean age was 35 days (range, 

8-80). Only 3 neonates were being supported by the ventilator. The US procedure was 

performed mostly at the NMCU (55.6%). The information is provided in table 3.7. 

 

Table 3.7 Characteristics of neonates and places of performing US (n = 27) 

 Number (%) 

Neonates 

     Ventilator support 
 

3 (11.1) 
Places to perform US 

     NICU 

     NMCU 

     US room 

Cranial US findings 

     Normal 

     IVH 

     PVL 

     Other 

 

10 (37.0) 

15 (55.6) 

2 (7.4) 

 

7 (26.0) 

18 (66.7) 

3 (11.1) 

4 (14.8) 
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Radiologic residents 

 In this study, 27 radiologic residents were participated. Two thirds of them were 

female.  Almost half were enrolled in PGY3 training.  Most of them ( 70% )  had 

experienced at least five cranial US cases performed.  Only 4 residents lacked of any 

cranial US training experience, while the remaining 23 had some kinds of training, 

mostly lecture and observation (table 3.8). 

 

Table 3.8 Characteristic of radiologic residents (n = 27) 

 Number (%) 

Gender 

     Male 

     Female 

 

 

9 (33.3) 

18 (66.7) 

PGY 

     Year 1 

     Year 2 

     Year 3 

 

4 (14.8) 

11 (40.7) 

12 (44.5) 

Number of cranial US performed (cases) 

     0  

     <5  

     5-10  

     11-15  

     16-20  

 

6 (22.2) 

2 (7.4) 

5 (18.5) 

11 (40.8) 

3 (11.1) 

Experiences in cranial US training 

     Never 

     Lecture 

     Observation 

     Workshop 

     Self-learning 

     Others 

 

4 (14.8) 

21 (77.8) 

19 (70.4) 

5 (18.5) 

9 (33.3) 

2 (7.4)  
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3.2.2 Content validity  

 The term " content validity"  describes a method that can precisely assess all 

aspects of the content. Pediatric radiologists who were subject matter experts in cranial 

US made up the entire Delphi panel of experts.  The Delphi process confirmed good 

content validity due to it iteration nature. 

 

3.2.3 Interrater reliability 

 Cohen's Kappa (unweighted and weighted Kappa) and the percent agreement 

between two raters were used to calculate interrater reliability.  Percent agreement 

represented the simplest way to measure agreement, but it does not account for 

variations in chance.  While, Kappa measure of agreement above and beyond what 

would be predicted randomly.  Most items in the assessment form in this research, 

except the item ‘ cleaned the prove after using’ , were ordinal data.  Weighted Kappa 

was more appropriated to evaluate Kappa value.  Each evaluation tool item's Kappa 

score ranged from 0. 39 to 0. 94 and 'NaN'.  'NaN' was abbreviation for Not a Number, 

which meant that the data's lack of variance prevented the calculation of the Kappa 

value. All items had a percent agreement that ranged from 37% to 100%. The detail 

of Cohen’ s Kappa ( unweighted and weighted Kappa)  and the percent agreement of 

each item are present in table 3. 9.  In all 15 items, 3 items:  identification of patient, 

selected appropriate probe, and cleaning the probe after using had Kappa value of 

NaN with 100 percent agreement.  Three items:  properly positioned the US machine, 

presented the relevant brain structures according to standard protocol, and overall 

performance had almost perfect agreement (weighted Kappa value =  0.89-0.94 with 

88.9-96.3 percent agreement). Corrected probe handing, adjusting the depth and focus 

to include the whole brain and appropriate area of focus, confirmed the side of brain 

orientation, and identified positive findings had substantial agreement (weighted Kappa 

value = 0.70-0.80 with 77.8-85.2 percent agreement). Three items: applying warm gel 

onto the probe, using proper buttons on the US machine, and corrected placement 

of the probe at the anterior fontanel, had moderate agreement (Kappa value = 0.42-

0. 60 with 70. 4- 81. 5 percent agreement) .  Two items ‘ adjusted gain and frequency, 
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correctly’  and ‘ displayed cranial US approach systematically’  had fair agreement, 

(Kappa value = 0.39 with 37.0 and 63.0 percent agreement, respectively).  

 

Table 3.9 Interrater reliability of the assessment tool 

  

 

Items Unweighted Kappa Weighted Kappa % 

Agreement 

1. Identification of the patient NaN NaN 100 

2. Properly positioned the US machine 0.93 0.94 96.3 

3. Selected appropriate probe NaN NaN 100 

4. Corrected probe handing 0.69 0.80 81.5 

5. Applying warm gel onto the probe 0.42 0.42 77.8 

6. Using proper buttons on the US machine 0.44 0.60 70.4 

7. Adjusted gain and frequency, correctly 0.15 0.39 37.0 

8. Adjusting the depth and focus to include the 

whole brain and appropriate area of focus 

0.55 0.76 77.8 

9. Cleansing the probe after using NaN NaN 100 

10. Corrected placement of the probe at the 

anterior fontanel  

0.55 0.55 81.5 

11. Confirmed the side of brain orientation 0.57 0.70 77.8 

12. Displayed cranial US approach, 

systematically 

0.27 0.39 63.0 

13. Presenting the relevant brain structures 

according to standard protocol 

0.82 0.89 88.9 

14. Identified positive findings (e.g., IVH, PVL,  

     hydrocephalus, and anomaly) 

0.65 0.80 85.2 

15. Overall performance 0.84 0.92 88.9 
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3.2.4 Construct validity 

 The radiologic residents were categorized according to their PGY and 

experience on cranial US. The total score and level of PGY of residents were analyzed. 

There were statistically differences in total score of PGY1 and PGY2 residents and PGY1 

and PGY3 residents ( p =  0. 023 and 0. 007, respectively, figure 3. 2) .  Further analysis 

according to total score and experience of cranial US was also determines. The results 

revealed significant statistically difference in total score and experience of cranial US 

<5 cases and ≥5 cases (p = 0.034, figure 3.3). 

 

 
 

Figure 3.2 Box and whisker plot of total score and PGY 1, 2, and 3 of radiologic residents 
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Figure 3. 3 Box and whisker plot of total score and experience of cranial US cases of 

radiologic residents 
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Overall performance of radiologic residents was also evaluated according to 

their PGY and experience of cranial US.  Overall performance of PGY 1 radiologic 

residents and PGY 3 radiologic residents demonstrated statistic significant ( p =  0. 026, 

figure 3. 4) .  Statistically significant between overall performance and experience of 

cranial US was also found (p = 0.022, figure 3.5). 

 

 
Figure 3.4 Box and whisker plot of overall performance and PGY 1, 2, and 3 of radiologic 

residents 
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Figure 3. 5 Box and whisker plot of overall performance and experience of cranial US 

cases of radiologic residents 

  

3.2.5 Internal consistency reliability 

 The internal consistency of the assessment tool was evaluated using 

Cronbach’ s alpha.  The Cronbach’ s alpha value of both raters were about 0. 856 and 

0.891. 
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Chapter 4 

Discussion 

 

 In the field of neonatal care, cranial ultrasound is a necessary supportive 

examination.  Early detection of intracranial abnormalities in premature neonates, 

particularly IVH or PVL is crucial due to their long- term prognosis. 1,2,6- 8 The cranial US 

is an effective tool to identify these abnormalities, however it’ s required training to 

improve practical skills and experience.  Like the US of other parts of human bodies, 

there is no uniform assessment tool for cranial US to evaluate the learner’ s 

competency. 4,5 We, therefore, designed this study to develop the cranial US 

assessment form and determine the validity and reliability of this tool. 

 

Delphi method and content validity 

 The Delphi method is an excellent technique to create consensus and produce 

new ideas.  This cranial US assessment form using Delphi process should be regarded 

as a high- quality assessment tool due to it was created with agreement from almost 

all pediatric radiologists, expertise on cranial US in Thailand.  

Originally, 14 items were created.  After Delphi round 1, two additional new 

items including ‘additional US by employing linear probe' and 'identified patient' were 

added from the expert recommendation.  Although there was a number of drop off, 

48%  of expert panel remained participating in the Delphi round 2 and 3.  In Delphi 

round 2, the expert suggestion was to merge the new item of ‘ additional US by 

employing linear probe’ to the original item of ‘selected appropriate prove’, resulting 

in the final 15 items cranial US assessment form for approval in Delphi round 3.  The 

rubric scale cranial US assessment form was successfully established, approved and 

verified by the expert panel.  All 15 items created by the expert panel reflects the 

content validity of the assessment form during this Delphi method.  

 The advantage of this study is that all expert panelists are pediatric radiologists 

with expertise in cranial US and the items of assessment refer to content validity. Most 

participant’ s workplace is the university hospital, however some working at pediatric 

and general hospital.  This could reflect the generalizability of using this assessment 
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form in variety setting. Moreover, the optimum assessment technique for performance 

evaluation is the DOPS methodology. 21,22 The rubric scale's information enables the 

rater to make a confident, accurate, and reliable judgment about a candidate's level 

of proficiency.  For the aforementioned reasons, it is predicted that this assessment 

form will be a competent and trustworthy tool to assess cranial US performance. 

 In order to prevent group thinking based on reputation or authority, all experts 

in this study were given anonymous. Experts could, therefore, independently comment 

and decide.  However, participant anonymity prevented responses from being 

connected to professional experience, which is a drawback of this study. Additionally, 

the participant response rate decreased with each cycle of the Delphi process, which 

led to an overemphasis of the responses from fewer participants. 

 

Interrater reliability 

 In this study, 27 radiologic residents from PGY1- 3 participated in the reliability 

test for the new cranial US assessment tool.  By using interrater reliability evaluation, 

almost all items demonstrated moderate to practically perfect agreement ( Kappa = 

0.42-0.94 and NaN). The NaN with 100% agreement of three items of ‘identification of 

patient’ , ‘ selected appropriate probe’ , and ‘ cleaning the probe after using’  showed 

the most objective items.  Only two items of ‘ adjusted gain and frequency correctly’ 

and ‘displayed cranial US approach systematically’  showed fair Kappa value of 0.39, 

each.  Due to the subjective nature of the evaluation of both items and the vastly 

divergent levels of acceptance of vivid color contrast in US photographs across raters 

in ‘adjusted gain and frequency correctly’, these might be explained the relatively low 

Kappa and percent agreement of those two items.  Careful training of raters and 

modifying the description at each level of mastery of these two items should enhance 

Kappa's value. Several studies attempted to estimate the reliability of US performance 

assessment tools, which vary in organs, number of raters, and forms of assessment 

tool. The previous research of Chuan et al., which evaluated the ICC of the rating scale 

for ultrasound- guided regional anesthesia, showed poor to moderate agreement ( ICC 

=  - 0. 01 to 0. 43) 76.  Another study by Rice et al.  demonstrated the reliability of the 

checklist tool for assessing the placement of US- guided intravenous access that had 
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an almost perfect agreement (weight Kappa value = 0.93)65. Wong et al. demonstrated 

the ICC of checklists and global rating scales for the assessment of procedural skills in 

anesthesia. The result of Wong’s study presented moderate agreement (ICC =0.44) of 

the total score95.  Sultan et al.  also studied the reliability of clinical assessment tools 

for US- guided axillary brachial plexus block.  The answers to their study indicated 

substantial agreement for rating scales and almost perfect agreement for a checklist 

( ICC = 0.795 and 0.842, respectively)79.  Overall agreement on assessment tools from 

previous studies varied from poor to almost perfect agreement.  This implies that our 

study's developed assessment tool was accepted and is a good, reliable assessment 

tool with moderate to perfect agreement of most items compared to previous studies' 

results. 

 

Construct validity 

 Both total score and overall performance were able to differentiate between 

PGY of radiologic resident and their experience of cranial US.  As the results in this 

research, total score was significantly difference between PGY 1 and PGY 2 and PGY 3 

and also difference between experience of cranial US < 5 cases and ≥ 5 cases. Overall 

performance between PGY1 and PGY 3 and experience of cranial US < 5 cases and ≥ 

5 cases were also statistically difference.  These results suggested good construct 

validity.  

 

Internal consistency reliability 

 Cronbach’ s alpha was used to assess the internal consistency.  The previous 

study by Gaudet et al. studied assessment tools to evaluate image acquisition quality 

for focused critical care echocardiography.  The Cronbach’s alpha of their assessment 

tool was 0. 95.  Another study by Kunz et al.  presented Cronbach’ s alpha of 

performance checklist for US- guided arthrocentesis, which was about 0. 8989.  The 

Cronbach’s alpha value of our study was a good reliability level (0.856-0.891) that was 

relatively comparable with the previous studies. 
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Limitations of the study  

 Apart from the limitation by the nature of Delphi process mentioned above, 

our study did not evaluate the construct validity of this new assessment tool. 

Therefore, the discrimination of resident’ s ability or the pass/ fail score could not be 

identified and evaluated.  The narrow range of cranial US background ability of 

radiologic residents in our hospital at the beginning, resulting in homogeneous skill 

performance and less varieties, causes difficulty in this kind of analysis.  This new 

assessment tool for cranial US performance requires user’ s training to increase 

familiarity and reliability. Further study of construct validity should be also investigated. 
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Chapter 5 

Conclusions 

 

To the best of our knowledge, this is the first study to develop the objective 

structured assessment tool for cranial US performance skills.  This tool was refined 

using a Delphi method to achieve consensus from pediatric radiologist expert panel in 

Thailand. The assessment tool demonstrates a high content validity and moderate to 

high interrater agreement according to weighted Kappa value.  The assessment tool 

also exhibits construct validity, that can differentiate between the cranial US 

performers by PGY and cranial US experience.  Internal consistency of the assessment 

tool is also in good level. 

 The simple-to-use cranial US assessment tool with rubric scale holds all raters 

to the same standard of evaluation.  Moving from a fixed number of examinations to 

competency- based evaluation in real life workplace situation using this valid and 

reliable assessment form together with other measurement tools for formative 

assessment is reasonable and suitable in the era of competency- based curriculum. 

Realtime reflection and feedback is feasible to improve the learner’ s performance. 

Adaptation from formative assessment to summative assessment can be done from 

this assessment tool by indicate cutoff point that is appropriate for the learner levels.  

User’ s training of this assessment tool and generalization is encouraging to 

enhance interrater reliability and modify the tool for more optimization.  
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Appendices 

Appendix A: Study flow 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Phase II: evaluation of 
validity and reliability of 

cranial US skill 
assessment tool 

Study flow 

Phase I: new cranial 
US skill assessment 

tool development 

Literature review 
Preparing preliminary cranial 

US skill assessment tool 

Selection of experts in Delphi 
panel 

First cranial US skill 
assessment tool 

Delphi method 

Including participants: 
- US performers (radiologic 

residents) 
- 2 raters (pediatric radiologists) 

Video recorded: cranial US by 
radiologic residents 

Interpretation of cranial US skill 
assessment tool by 2 raters 

Check validity and 
reliability of cranial US 
assessment tool 

Final cranial US skill 
assessment tool 
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Appendix B: Time schedule of the study 

Activity Oct 2019 to 

Jan 2020 

Feb 2020 to 

Jun 2020 

Jul 2020 to 

Dec 2020 

Jan 2021 to 

Jan2023 

1. Proposal submission for 

EC 
    

2. Preparatory phase     

3. Data collection     

4. Data analysis     

5. Manuscript writing     

6. Submit research     
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Appendix C: Record forms 

Record form for participated experts 

Number E _____ 

Gender  1. Male 

2. Female  

Egender [ ] 

Position in pediatric radiologic 

view 

1. Instructor   

2. Associated Professor 

3. Assistance Professor 

4. Professor  

Epos [ ] 

Workplace  1. University hospital 

2. Pediatric hospital 

3. General hospital 

Ework [ ] 

Years of experience on cranial US 1. 3-5 years 

2. 5-10 years 

3. > 10 years 

Eyear [ ]  
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Record form for participated radiologic residents 

Number R _____ 

Gender 1. Male 

2. Female 

Rgender [ ] 

Level of training  1. 1st year radiologic residents (PGY-1) 

2. 2nd year radiologic residents (PGY-2) 

3. 3rd year radiologic residents (PGY-3) 

4. Others  

Rposition [ ] 

Experience in cranial US training 1. No 

If yes, please identified method of 

training (can choose more than 1 

choice) 

2. Yes, lecture 

3. Yes, observation  

4. Yes, workshop 

5. Yes, self-learning from other 

sources 

6. Yes, others _____ 

Rexptrain [ ] 

Experience in performed cranial US  _______cases 

1. 0 case 

2. < 5 cases 

3. 5-10 cases 

4. 11-15 cases 

5. 16-20 cases 

6. > 20 cases 

Rexpcase [ ] 
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Appendix D: Initial cranial US skill assessment form (5-points rating scale for 

Delphi method)  

Domains and items   Score   

 1 2 3 4 5 

Motor skills 

Applying US equipment 

1. Proper positioning of US machine 

2. Selecting appropriate probes  

3. Correct handling of probe 

4. Applying of warm gel to probe 

5. Using proper buttons on US 

machine 

6. Adjust gain and frequency, correctly 

7. Adjust depth and focus to include 

whole brain and appropriate area of 

focus 

8. Cleaned probe after US 

     

Visual-cognitive skills 

Systemic cranial US examination 

9. Correct placement of probe at 

anterior fontanel to start US 

10. Confirmation side of brain 

orientation 

11. Displaying cranial US approach 

systematically 

12. Presenting of relevant brain 

structures according to standard 

protocol 

13. Identified the positive findings (e.g. 

IVH, PVL, hydrocephalus, or anomaly) 

14. Overall performance 
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Appendix E: Initial cranial US skill assessment form with rubric score, example 

Domains and items 1  

not obtained 

2 

critical error 

3 

sub- optimal 

4 

 optimal 

Proper positioning of US machine wrong place right hand close to the patient 

Selecting appropriate probes  choose other prove small curvilinear 8.5 MHz probe 

Correct handling of probe     

Applying of warm gel to probe do not use gel put gel to 

head 

put gel to 

prove 

put gel to probe 

with optimal 

amount 

Using proper buttons on US machine can not 

operate 

operate with 

some 

experience 

operate with 

experience but 

inconsistency 

familiar to 

operate 

Adjust gain and frequency, correctly can not 

operate 

wrong inappropriate appropriate 

Adjust depth and focus to include 

whole brain and appropriate area of 

focus 

can not 

operate 

include partial 

brain 

include whole 

brain but 

inappropriate 

depth and 

focus 

optimum FOV, 

depth, focus 

Cleaned probe after US do not done done 

Correct placement of probe at anterior 

fontanel to start US 

can not done place in other 

area 

place in 

anterior 

fontanel with 

poor contact 

place in anterior 

fontanel with 

good contact 

Confirmation side of brain orientation do not done wrong side confirm 

several times 

correct side with 

confidence 

Displaying cranial US approach 

systematically 

can not done unsystematic 

display 

some 

systematic 

display 

consistently 

systematic 

display 

Presenting of relevant brain structures 

according to standard protocol 

can not done presence of 

some images 

inconsistency follow standard 

protocol 

Identified the positive findings (e.g. IVH, 

PVL, hydrocephalus, or anomaly) 

can not done miss positive 

findings 

identified 

some findings 

completely 

identified 

positive findings 

Image recording per standard protocol can not done record some 

images 

complete all 

images 

complete with 

good quality 

images 

Overall performance fail pass 



 109 
 

Appendix F: Dummy table 1: Predictive factors information 

Predictive factors 

 

Number (%) 

 

Mean 

 

Places: NICU 

           US room 

  

Subjects 

Age (months) 

Intubation status: Yes 

                          No 

  

Trainee PGY: Year 1 

                   Year 2 

             Year 3 

Number of US brain before video record 

(cases) 

Cranial US training: Yes 

                     No 

 

  

Time: Video duration (minutes) 

   Time to complete assessment 

(minutes) 
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Appendix G: Dummy table 2: Summary DOPS scores and interratter reliability 

DOPS items 

 

4-point scale:  

Score mean 

(actual) 

 

Kappa 

 

Percent 

agreement 

1.     Proper positioning of US machine 

2.     Selecting appropriate probes (small 

curvilinear 8.5 MHz probe) 

3.     Correct handling of probe 

4.     Applying of warm gel to probe 

5.     Using proper buttons on US machine 

6.     Adjust gain and frequency, correctly 

7.     Adjust depth and focus to include 

whole brain and appropriate area of focus 

8.     Correct placement of probe at 

anterior fontanel to start US 

9.   Confirmation side of brain orientation 

10.   Displaying cranial US approach 

systematically 

11.   Presenting of relevant brain structures 

according to standard protocol 

12.   Identified the positive findings (eg. 

IVH, PVL, hydrocephalus, or anomaly) 

13.   Image recording per standard 

protocol 

14.   Overall performance ( fail/pass ) 
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Appendix H: Item generation 

All 35 articles, details are described in table and examples are shown below. 

Articles Total 

items 

Relevant/Not 

relevant items 

Detail of relevant items 

1. EBUS-STAT 10 points 

assessment tool32 

10 1/9 - US obtained without artifacts 

2. LUS-OSAUS63 17 4/13 - Correct choice of transducer 

- Correct depth 

- Correct gain 

- Correct handling of transducer 

3. POC US exam type 

and area of evaluation 

scored as one point each 

for OSCE64 

28 5/23 - Correct transducer selection x5 

4. US-Guided Peripheral 

Intravenous Access 

Checklist65 

10 1/9 - Turn on US 

5. IUSE66 12 2/10 - US equipment optimization of 

images (choice of transducer 

and pre-settings and use of 

knobology including Doppler) 

- Hand-eye coordination 

6. US Olympics exam 

station 3 (TTE anatomy)67 

14 10/4 - Selects appropriate orientation 

x2 

- Selects appropriate depth x2 

- Selects appropriate gain x2 

- Overall picture quality x2 

- Identifies target on Screen x2 

7. LUS-OSAUS68 17 4/13 Same as number 2. 

8. Focused critical care 

echocardiography image 

50 20/30 - Appropriate depth x6 

- Appropriate gain x6 



 112 
 

Articles Total 

items 

Relevant/Not 

relevant items 

Detail of relevant items 

acquisition assessment 

tool69 

- Appropriate depth and gain x2 

- Structures centered in view x6 

9. Global rating scale for 

US-guided regional 

anesthesia70 

9 2/7 - Instrument handling 

- Overall performance  

10. Quality indication in 

EUS and ERCP71 

12 0/12 - 

11. QUICK score72 7 1/6 - Sets gain appropriately 

12. OSCE: retroperitoneal 

space with aorta73 

12 5/7 - Orientation 

- Positioning 

- Connection 

- Adequate zoom factors 

- Overall performance 

13. DUOSATS74 11 3/8 - Transducer selection 

- Ultrasound coupling gel usage 

- Acquires images in B mode 

(Appropriate depth of field, TGC, 

and focus setting, appropriate 

gain control?) 

14. V-DUOSATS75 8 3/5 - Transducer selection 

- Ultrasound coupling gel usage 

- Image optimization in B mode-  

15. DOPS item76 8 2/6 - Technical ability 

- Overall performance 

16. Technical US skills 

checklist77 

7 6/1 - Selects correct ultrasound 

probe 

- Applies gel on probe or on the 

patient 
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Articles Total 

items 

Relevant/Not 

relevant items 

Detail of relevant items 

- Correctly identifies probe 

orientation 

- Adjust image depth or contrast 

to optimize view of lesion 

- Correctly identifies lesion 

- Saves and stores the image 

17. Global rating scales78 9 6/3 - Preparation for procedure (e.g. 

machine, machine placement, 

US gel, towels) 

- Image optimization (probe 

choice, optimization of gain and 

depth) 

- Probe technique 

- Image interpretation 

- Knowledge of procedure 

(steps, familiarity, and 

confidence) 

- Overall performance 

18. Generic technical 

skills global rating scale79 

8 5/3 - Time and motion 

- Instrument handling 

- Flow of procedure 

- Knowledge of procedure 

- Overall performance 

19. Items assessment 

tool80 

31 14/17 - Appropriately positions the 

machine 

- Appropriately applies basic 

knobology (e.g. on/off, depth, 

gain) 
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Articles Total 

items 

Relevant/Not 

relevant items 

Detail of relevant items 

- Appropriately uses examination 

presets 

- Chooses correct transducer 

- Appropriately enters patient 

identifier 

- Able to store relevant images 

and clips 

- Appropriately cleans machine 

and transducers 

- Conducts the appropriate 

types of scans 

- Conducts scans in the 

appropriate 

prioritization/sequence 

- Scans adequately through the 

entire area of interest 

- Able to optimize image 

appropriately when necessary 

- Adjusts focal zone 

appropriately 

- Scans with efficiency of hand 

motion 

- Able to recognize key findings 

20. Assessment checklist 

for ultrasound-guided 

regional anesthesia and 

Global rating scale81 

31 11/20 - Correct placement of 

ultrasound machine relative to 

patient to allow easy 

visualization of both 

- Choice of correct transducer 
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Articles Total 

items 

Relevant/Not 

relevant items 

Detail of relevant items 

- Correct depth, gain, and focal 

zone choices 

- Holds the probe appropriately 

(3 fingers holding the probe and 

1 finger touching the patient) 

- Knowledge or confirmation of 

screen orientation (ie, which side 

of probe corresponds to which 

side of screen) 

- Scanning of anatomy and 

proper identification of target 

- Time and motion 

- Instrument handling 

- Flow of procedure 

- Knowledge of procedure 

- Overall performance 

21. Scoring system for 

automate evaluation 

echocadiography 

method82 

6 0/6 - 

22. Practical examination 

score sheet for heart, 

lung, IVC US83 

21 0/21 -  

23. Technical skill for 

ultrasound-guided FNA86 

11 3/8 - Satisfactory position of hands 

- Satisfactory position of 

transducer 

- Satisfactory position of lesion 

on screen 
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Articles Total 

items 

Relevant/Not 

relevant items 

Detail of relevant items 

24. OSAUS items87 5 5/0 - Applied knowledge of US 

equipment 

- Image optimization 

- Systematic examination 

- Interpretation of images 

- Documentation of examination 

25. The EUS skills 

assessment tool88 

17 1/16 - Identify lesion of interest 

26. Ultrasound-guided 

arthrocentesis checklist89 

25 1/24 - Obtains correct equipment 

27. Items worksheet for 

cervical evaluation US90 

10 0/10 -  

28. DOPS for US91 7 3/4 - Identification of organ 

structures 

- Investigation of organ 

structures 

- Technical ability 

29. Task-specific checklist 

for USG supraclavicular 

block92 

30 6/24 - Positions US machine 

appropriately 

- Choose appropriate probe 

- Checks probe orientation 

- Selects appropriate depth 

- Selects appropriate gain 

- Handles probe with control 

30. Quantitative 

assessment of 

procedural performance 
94 

15 4/11 - Equipment preparation 

- Probe stability 

- Visual focus 

- Position of US machine 
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Articles Total 

items 

Relevant/Not 

relevant items 

Detail of relevant items 

31. Global rating scale for 

US-guided regional 

anesthesia95 

10 3/7 - Preparation for procedure 

- Instrument handling 

- Overall performance 

32. Cognitive and 

technical skill 

assessment for renal US 

in human renal model96 

14 2/12 - Optimized adjustment of US 

controls 

- Correct transducer orientation 
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1. The Endobronchial Ultrasound Skills and Tasks Assessment Tool32 
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2. Lung ultrasound objective structured assessment of technical skills tool in its 

final form63 
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3. Point-of-care ultrasound exam type and area of evaluation scored as one 

point each for objective structured clinical examination64 
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4. Ultrasound-Guided Peripheral Intravenous Access Checklist65 
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5. Interventional Ultrasound Skills Evaluation (IUSE) tool66
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6. US Olympics exam station 3 (TTE anatomy)67 
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7. Lung-ultrasound objective structured assessment of technical skills (LUS-

OSAUS): same assessment tool to number 2.68 

 

8. Focused critical care echocardiography image acquisition assessment tool69
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9. Global rating scale for US-guided regional anesthesia70 
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10. Performance of advanced endoscopy trainees in first year of independent 

practice based on ASGE and American College of Gastroenterology established 

quality indicators in EUS and ERCP71 

 

 

11. Example of TSC contents, hepatorenal space scoring72 
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12. OSCE: retroperitoneal space with aorta73 
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13. Duplex Ultrasound Objective Structured Assessment of Technical Skills 

(DUOSATS)74  
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14. Venous Duplex Ultrasound Objective Structured Assessment of Technical 

Skills (V-DUOSATS)75 
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15. Direct observation of procedural skills assessment tool for ultrasound-

guided regional anesthesia76 
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16. A single static breast model education education of ultrasound skill in final 

year medical students of Burapha university77 

 

 

17. Global rating scales78 
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18. Generic technical skills global rating scale79 
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19. Items assessment tool80
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20. Assessment checklist for ultrasound-guided regional anesthesia and Global 

rating scale81 
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21. Scoring system for automate evaluation echocardiography method82 

Evaluate placement and orientation of probe match with machine. 

 

23. Technical skills for ultrasound-guided FNA86
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24. Objective structure assessment of ultrasound skill (OSAUS)87 

 

25. The EUS skills assessment tool88
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26. Ultrasound-guided arthrocentesis checklist89 
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27. Items worksheet for cervical evaluation US90 

 

 

 

 

 

 

 

 

 

 

 



 140 
 

28. Direct observation of procedural skills (DOPS)91 
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29. Task-specific checklist for USG supraclavicular block92
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30. Task-specific checklist for USG supraclavicular block92
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31. Quantitative assessment of procedural performance94
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32. Global rating scale for US-guided regional anesthesia95
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33. Cognitive and technical skill assessment for renal US in human renal 

model96 
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From total 133 items of all 32 references, we deleted the repetitive or same items. 

The final items (which were inserted into the initial assessment form with 

modification as initiated items) were 21 items as described below; 

 

1. US obtained without artifacts/picture quality/image optimization 

2. Correct choice of transducer  

3. Correct depth 

4. Correct gain 

5. Correct handling of transducer 

6. Turn on US 

7. Hand-eye coordination/applied knowledge of US equipment 

8. Appropriate probe orientation 

9. Identified target on screen/structure centered in view 

10. Overall performance 

11. Positioning of machine 

12. US coupling of gel usage 

13. Technical ability/technical scan 

14. Applies gel on probe 

15. Identified lesion/image interpretation 

16. Saves and stores images 

17. Step of procedure/systematic examination 

18. Appropriately enters patient identifier  

19. Clean machine and transducer 

20. Scans adequately through the entire area of interest 

21. Adjust focus 

 

 

 

 



 147 
 

Appendix I: The ethics committee approval 

  



 148 
 

  



 149 
 

  



 150 
 

  



 151 
 

  



 152 
 

  



 153 
 

  



 154 
 

  



 155 
 

  



 156 
 

VITAE 
 

Name Pattama Tanaanantarak   
Student ID 6110330023 
Educational Attainment 

 

Degree Name of Institution Year of Graduation 

Bachelor of Medicine 

 

Board of Diagnostic 
Radiology 

Prince of Songkla 

University 

Royal College of 
Radiology 
 

2005 

 

2008 

 

 

Scholarship Awards during Enrolment 

None  
 
Work - Position and Address  

Radiologist at Pediatric radiology section, Department of radiology, Prince of Songkla 
University, Hat Yai, Songkhla, Thailand 
 


		2024-05-23T09:49:31+0700
	GSMS
	รศ.ภาสุรี แสงศุภวานิช


		2024-05-23T09:49:33+0700
	GSMS
	รศ.ภาสุรี แสงศุภวานิช


		2024-05-23T09:49:35+0700
	GSMS
	รศ.ภาสุรี แสงศุภวานิช


		2024-06-05T23:07:25+0700
	GSMS
	รองศาสตราจารย์ ดร.นพ.เชิดศักดิ์ ไอรมณีรัตน์


		2024-06-08T13:37:48+0700
	GSMS
	รองศาสตราจารย์ ดร.โอสรี อัครบวร


		2024-06-10T09:58:28+0700
	GSMS
	รองศาสตราจารย์ ปารมี ทองสุกใส


		2024-06-10T11:56:28+0700
	GSMS
	ผศ.ดร.กวินพัฒน์ สิริกานติโสภณ




