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Abstract - The objective of the study was  to determine the sensitivity and specificity in visual search for radiographic image 
interpretation by radiographers. A cross-sectional study using random sampling was done on 49 radiographers from a 
medical centre comprising of junior and senior radiographers. Visual search pattern of each participant was monitored using 
a Tobii TX300 Eye Tracker and images were viewed on the thin-film transistor monitor. As  the red dot system only includes  
musculoskeletal radiographic image 19 images were chosen from the website. The gaze plot, fixation count and duration 
were compared between the two groups of radiographers. The result from this study showed no significant difference in 
terms of sensitivity and specificity with p value of 0.818 and 0.146 respectively. As for visual search pattern, only two 
images had significant difference in term of fixation count (image1, p value = 0.017; image 2, p value = 0.042) and two 

image in fixation duration (image 1, p value = 0.001; image 15, p value = 0.021). The gaze plot was not different 
forunstructured pattern and less coverage. In conclusion, the experience didn‟t give influence in the radiographic image 
interpretation. In conclusion, knowledge and practice are the main contributory factors in the visual search pattern  and  
radiographic interpretation. 
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I. INTRODUCTION 

 
Radiographers are responsible to verify the  

diagnostic value of radiographic images before 

sending for interpretation (Woznitza 2014). Since the 

educational level of radiographers was raised to a 

degree requirement globally and faced with a 

shortage of radiologists the red dot system or image 

pattern recognition was introduced as one of the  

extended and expanded role for radiographers in 

United Kingdom and in few countries since 1990s 

(Coelho & Rodrigues 2011). The ability of the 

radiographer  to perform is dependent on the 

knowledge and experience acquired during working  
tenure (Snaith & Hardy 2013). A few radiographers 

had attended  courses or on image interpretation   

(Leong et al. 2007). Currently in Malaysia, image 

interpretation has been the domain of radiologist, 

there is no implementation of expanded and extended 

roles for radiographers by the profession as majority 

of radiographers possess diploma qualification  

Therefore this study was designed to determine the  

sensitivity and specificity in visual search for 

radiographic image interpretation by radiographers. 

Sensitivity is the ability to identify fractures and 
dislocation while specificity is the ability to rule out 

fractures or dislocation on the diagnostic image 

during interpretation.  

 

II.   VISUAL SEARCH PATTERN 

 

Visual search pattern is the eye movement data 

collected using eye tracker during image 

interpretation. This is an objective assessment of the 

eye movement of the radiographer. Fixation duration 

and fixation count is the quantitative output used in 

this study demonstrated by the eye tracker. Fixation 
duration is time taken for each individual fixation 

within an Area of Interest (AOI)  measured in 

seconds. Fixation count is the number of times the 

participant fixates on an active AOI or within all 

active AOIs belonging to an AOI group. In a previous 

study, by Bertam et al, 2013 the comparison of the 

expert with semi-expert eye movement behaviour in 

medical image perception by using eye tracker 

showed that the expert provided accurate diagnosis  

than semi-expert during CT image interpretation. 

Meanwhile gaze plot is able to subjectively compare 

the scan path and pattern coverage and the detail of 
the eye movement during interpretation as it is 

qualitative output. The fixation is represented in 

circle and the size is relative to the length of duration. 

The multiple circles on the area show the visual 

attention. 

 

III. STUDY DESIGN 

 

This study was approved by the institutional ethics 

committee (NN-2015-06). A cross-sectional study 

using random sampling was done using 49 
radiographers from a medical centre. Recruitment 

was on a voluntary basis, explanation was given and 

informed consent was obtained before 

commencement of the study. The radiographers were 

divided into two category: junior with less than 5 

years (n=31) and senior more than 5 years experience 

respectively (n=18).  Two radiologists with more than 

5 years working experience were used as a 

REFERENCE  for the visual search pattern in 

diagnostic image interpretation. 
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IV. APPARATUS 

 
The Tobii TX300 Eye Trackers with 300Hz  an 

integrated eye tracker s supplied with a removable 

23” TFT monitors was used for this study to record 

the eye movement during the radiographic image 

interpretation. The tracker used infrared diodes to 

generate the reflection pattern on the corneas of the 

participant‟s eyes during tracking. The patterns 

collected by the image sensors together with other 

visual data of the participant and sophisticated image 

processing algorithms was used to calculate the 3D 

position of each eyeball of the  participant. The Tobii 

Studio TM analysis software is a comprehensive 
platform for the recording and analysis of eye gaze 

data, facilitating the interpretation of human 

behaviour, participant response and data which was 

processed for useful comparison, interpretation, and 

presentation such as scan-paths, gaze distribution, 

gaze response times, and manual response times with 

the stimulus. 

 

V. RADIOGRAPHIC IMAGES  

 

The images were downloaded from the Norwich 
image interpretation course, Advance Practice 

Reporting Radiographer from website 

http://www.imageinterpretation.co.uk/. The 

musculoskeletal radiographic images were chosen 

consist antero-posterior and oblique/lateral 

projections of the hand, wrist, elbow, knee, ankle and 

foot (Figure 1).  A total 19 radiographic images were 

used as a stimulus, 15 with abnormalities (fracture or 

dislocation) and four radiographic images were 

normal.  A region of interest (ROI) was drawn on the 

abnormality areas as shown in Figure 2. The correct 

interpretation was provided by the teaching tool 
website and was used to compare the results of the 

participants. 

 

VI. EYE TRACKING 

 

Visual search pattern of each participant was 

monitored using a Tobii TX300 Eye Tracker and 

images were viewed on the thin-film transistor 

monitor. The participants were seated comfortably at 

a range of 60 cm in front of the eye tracker. The chin 

rest was used to prevent unnecessary movement that 
resulted in loss of data collected by the tracker during 

image interpretation. Each participant was initially 

calibrated on the eye movement system to ensure that 

the eye tracker measures the characteristics of the 

participant‟s eyes and accurately calculated the 

direction of the gaze on the surface of the screen. All 

the participants were given proper instructions before 

commencing calibration and were requested to look 

at a specific point on the screen, also referred as 

calibration dots, while several images of the eyes 

were collected and analyzed. On completion of 

calibration Tobii Studio displayed a feedback screen 

that contains lines, starting at the dot that was 

presented and was supposed to be the suggested point 
of gaze and ending at the point of gaze that was 

measured.  A very good calibration showed shorter 

lines, indicating that the supposed point of gaze is 

very near to the measured point of gaze. The longer 

the lines are, the more offset there is between the 

supposed point of gaze and the measured point of 

gaze. When the lines at a supposed point of gaze are 

more pointing towards different directions, there is 

more noise in the calibration and also in the 

measurement. The percentage of data collected is 

accepted if more than 85% a lesser value is 

considered a reject. The participant‟s eye tracking and 
gaze pattern data were recorded as they viewed the 

diagnostic images. The gaze fixation was indicated by 

the default value of the Tobii Studio analysis software 

which were quantified using two different metrics, 

which were fixation count and fixation duration at the 

selected  Area of Interest (AOI). All the participants 

were asked to interpret the diagnostic images and the 

interpretation diagnosis (normal or abnormal) was 

recorded together with the visual data which was 

represented as gaze plot. 

 

VII. DATA ANALYSIS 

 

Statistical analysis was performed using the data 

obtained from the eye tracking during diagnostic 

image interpretation at the AOI for abnormalities 

only. The means of fixation count and fixation 

duration at the AOI were compared among the group 

by Independent Sample Test. To check the data has a 

normal distribution, Shapiro-Wilk test was used to 

analyse as it was rejected for normality, an intergroup 

comparison was performed using the Mann-Whitney 

U Test was done to compare between the groups for 
the diagnostic images. The results were stated as the 

mean ± standard error and p value <0.05 was 

considered significant. All the statistical analyses 

were performed using IBM SPSS Statistics, version 

23 

 

VIII. RESULTS 

 

A total of 49 radiographers were  calibration were 

included in this study. Table 1 displayed the outcome 

for the sensitivity and specificity for each group of 
radiographers (n=49).  Diagnostic image 4 and 14 had 

100% sensitivity followed by image 11, 15, and 1 

with a sensitivity 90.0%; 78.0% and 67.0% 

respectively. The sensitivity for other images were 

less than 15%. Meanwhile for specificity in 

confirming absence of abnormalities, the highest is 

radiographic image 2 followed by radiographic image 

18, 9 and 12 with specificity of 94.0%, 90.0%, 80.0% 

and 31.0% respectively. The sensitivity and 

specificity between groups, juniors showed the higher 

score compare to seniors for diagnostic  images 1, 5, 

13, 17, and 8 with score 72.0%, 17.0%, 11.0%, 11.0% 

http://iraj.in/
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and 6.0% respectively. The seniors displayed  highest 

sensitivity for radiographic image 3, 6, 7, 10, 11, 15, 
and 19 with a value of 3.0%, 3.0%, 6.0%, 13.0%, 

90.0%, 81.0% and 13.0% respectively. The seniors 

showed higher specificity in excluding presence of 

abnormalities in comparison to juniors. Overall, there 

is no significant difference between this two groups 

in term of sensitivity (p value = 0.818) and specificity 

(p value = 0.146).  Figure 3 and 4 showed the 

data collected by eye tracker during radiographic 

image interpretation based on fixation count and 

fixation duration within area of interest (AOI). The 

comparison between groups for radiographers is done 

statistically using SPSS whilst the radiologist data 
was used as reference. Only radiographic image 1 had 

significant difference between two group with 

fixation count (p value = 0.017) and fixation duration 

(p value = 0.001). Nevertheless, radiographic image 3 

and 6 had significant difference in one parameter only 

which was fixation count (p value = 0.042) and 

fixation duration (p value = 0.021) respectively. 

Other  images also showed differences in mean but 

did not show any significant differences statistically. 

 

DISCUSSION 
 

Knowledge and practice is required for radiographic 

image interpretation. Normal anatomy is essential for 

detection of abnormality on radiographic images.  In 

this study, the image interpretation of radiographers 

were compared based on their experience whilst the 

visual search pattern was compared between 

radiographers and  the reference radiologist. 

 

The abnormalities included in this study were 

fractures and dislocation as radiographers are only 

allowed to provide an interpretation for this category. 
Overall, there was no significant differences between 

the group for sensitivity (p value=0.818) and 

specificity (p value=0.146). In this study, the seniors 

recorded a lower sensitivity in comparison to the 

juniors as in this medical centre the senior 

radiographers  are assigned to managerial positions 

and  special modalities like magnetic resonance 

imaging and interventional studies.  

 

Both groups achieved the same score for radiographic 

image 4 and 14 with 100% sensitivity with no 
significant difference for fixation count and duration. 

The adiographs showed obvious fracture on distal 

part of right femur (radiographic image 4) and 

posterior dislocation of the left elbow (radiographic 

image 14). Hence the radiographer was able to 

interpret abnormality which was clearly demonstrated 

in contrary to radiographic image 16 that show a 

small fracture at the neck of the radius where all the 

radiographers in both groups were not able to detect 

the abnormality. The radiographers have to be trained 

in their knowledge and competency before the red dot 

system can be introduced in Malaysia. According to 

Hardy &  Culpan, 2007  this component should be 

included in the curriculum in undergraduate 
education in radiography if they are required to 

perform  pattern recognition or interpretation for 

trauma images.  

 

Meanwhile for radiographers in service, continuous 

professional development can be the pathway towards 

the implementation of red dot system. A study has 

been done to compare the pre and post training on 

image interpretation  for radiographers with an 

improvement in sensitivity and specificity 

(Piper&Paterson 2009). Another study The Influence 

of Image Interpretation Training on the Accuracy of 
Abnormality Detection and Written Comments on 

Musculoskeletal Radiographs by South African 

Radiographers (Hazell et al. 2015) showed that the 

training provided a positive effect on the use of the 

Red Dot system in radiographic interpretation which 

showed increase in accuracy, sensitivity and 

specificity from 71.04% to 78%, 83.73% to 87.28%, 

and 59.62% to 70.34% respectively. The  special 

interest group in radiography reporting  guidance 

suggested an  achievement of  95% standard in image 

interpretation (Paterson et al. 2004; Stephenson et al. 
2012). 

 

Fixation means the eye movement remain on the 

same point at the image and is showed in circle. The 

size of the circle is shown by  the length of duration. 

The multiple circles on the same area show the visual 

attention. From this study, the fixation count and 

fixation duration is used as comparison parameter 

between junior and senior radiographers. There is a 

significant difference for fixation count (radiographic 

image 1 and 3) and fixation duration (1 and 15) at the 

Area of Interest (AOI). With reference to Table 1, 
Figure 3 and  4 the junior radiographers displayed  

higher fixation count and duration for radiographic 

images 1 and 3 but showed higher sensitivity for 

Radiographic Image 1 which consist of ulna collateral 

ligament fracture. The senior radiographers showed 

the higher sensitivity in detection abnormality for 

radiographic image 3 and 15. Radiographic image 3 

consisted of hamate fracture while radiographic 

image 15 displayed transverse fracture through the 

base of the 5th metatarsal with  normal 

developmental apophysis also at this site. The junior 
group showed higher fixation count and duration 

within the AOI but able to detect the fracture. The 

reference radiologist showed higher fixation count 

(radiograph 1 and 3) and detected fracture. The 

fixation duration of the radiologists was similar with 

the junior radiographers. A related study on 

“Radiology Image Perception and Observer 

Performance: How Does Expertise and Clinical 

Information Alter Interpretation? Stroke Detection 

Explored through Eye-Tracking” (Cooper et al. 2009) 

said that the experts spend less time in  abnormality 

detection compared to novice and trainee. 

http://iraj.in/
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The reference radiologist who is an expert had a 

strategic visual search pattern to identify the 
abnormalities which showed knowledge and clinical 

experience in repetitive image interpretation is an 

advantage. The unstructured scan path shown by 

radiographers was due to lack of training and 

practice. Besides  the radiographer has not developed 

the „cognitive map‟ in anatomy (Cooper et al. 2009). 

Figure 5 compares the unstructured scan path 

between the reference radiologist and junior and  

senior radiographers. 

 

In term of coverage, the radiographers did not do a 

visual search of  all anatomical structure but merely 
focus on the displayed abnormality whilst the 

radiologist identified the abnormality and continued 

with a visual search on the surrounding area to detect 

any related abnormality.  Studies have reported in the 

detection of stroke (Cooper et al. 2009) and  chest 

radiograph images (Manning et al. 2006) one scan 

path of the radiographer is selected randomly and 

compared with the radiologist as shown in Figure 6. 

The expert eye movement covered all the part even 

the fracture is clearly seen. The fixation count also 

differed with the group:  junior  had lowest fixation 
count being 25 whilst  the experienced being 29 and 

expert 80 respectively. Earlier studies state that an 

ultimate fixation pattern depended more upon 

knowledge of radiographic anatomy, pathology and 

clinical medicine (Stephenson et al, 2012). Another 

study stated that gaze pattern influenced the diagnosis 

of radiographic interpretation (Tourassi et al. 2013). 

 

CONCLUSION 

 

In conclusion, knowledge and practice are  

contributory factors in the visual search pattern  and  
radiographic interpretation.  In Malaysia for  

implementation of the red dot system for radiographic 

interpretation of  musculoskeletal images during after 

office hours training has to be provided for practicing 

radiographers and curriculum should include the 

relevant content for the undergraduates. Expanded 

and extended role of the radiographers has to be taken 

into consideration and relevant training provided to 

enable the radiographers to be globally marketable. 
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