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ABSTRACT 

 

Detecting small and low-contrast objects in 

CT-Scan images remains a major challenge 

in radiological diagnostic practice. The 

limitations of human visual capabilities and 

the influence of image quality require 

objective and reliable quantitative 

evaluation methods. The effect of object 

size variation on CT-Scan image detection 

performance was analyzed using the Two 

Alternative Forced Choice (2-AFC) and 

Receiver Operating Characteristic (ROC) 

psychophysical approaches.  

The study was conducted using a Catphan 

503 phantom with low-contrast objects 

measuring 6 mm, 8 mm, and 10 mm in 

diameter. Image acquisition was performed 

using a Toshiba Aquilion CT-Scan machine 

with parameters of 120 kV, 300 mA, axial 

mode, and a slice thickness of 2 mm. The 

scanned images were processed using 

IndoQCT software to generate 2-AFC test 

stimuli and converted to ROC format. 

Measurements were performed using 

Region of Interest (ROI) on the object and 

background areas. Performance evaluation 

was conducted by five medical physicist 

observers. Analysis parameters included 

sensitivity, specificity, and Area Under 

Curve (AUC).  

This study concluded that there was a 

consistent correlation between the results of 

the 2-AFC and ROC methods, indicating 

that the two methods complement each 

other in evaluating the detection 

performance of CT-Scan images. Object 

size had a significant effect on the accuracy 

of visual detection in CT-Scan images. The 

combined approach of the 2-AFC and ROC 

methods is effective as a quantitative 

evaluation tool for the detectability of low-

contrast objects.  

 

Keywords: CT-Scan, object size, 2-AFC, 

ROC, low-contrast detectability 

 

INTRODUCTION 

Computed Tomography (CT) is a primary 

diagnostic imaging modality capable of 

producing detailed anatomical 

representations through X-ray-based 

tomography reconstruction. Diagnostic 

accuracy is greatly influenced by image 

quality, particularly the system's ability to 

detect small and low-contrast objects. 

Failure to detect at this stage has the 

potential to cause clinical errors that directly 

impact patient safety.  

Various CT-Scan Quality Control (QC) 

studies show that even though the system 

meets regulatory standards, variations in CT 

number values, uniformity, and spatial 
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resolution remain major challenges, 

especially in the detection of small objects. 

This problem becomes even more complex 

when human visual limitations and image 

noise play a role in the interpretation 

pROCess.  

Psychophysical approaches such as Two-

Alternative Forced Choice (2-AFC) and 

Receiver Operating Characteristic (ROC) 

have been widely used to evaluate medical 

image detection performance. The 2-AFC 

method directly measures sensitivity 

through forced choice between two images, 

while ROC evaluates the balance between 

sensitivity and specificity through AUC 

analysis. However, studies that integrate 

these two methods with a primary focus on 

object size variation in CT-Scan images are 

still limited. Therefore, this study focuses on 

analyzing the effect of object size on CT-

Scan image detection performance by 

combining the 2-AFC and ROC methods 

quantitatively and systematically.  

 

RESEARCH METHOD  

Research Design  

This study is a quantitative experimental 

study using the Catphan 503 phantom as the 

test object.  

 

Image Acquisition  

Images were obtained using a Toshiba 

Aquilion CT-Scan with the following 

parameters: 120 kV, 300 mA, slice 

thickness 2 mm, axial mode, and revolution 

time 0.75 s. The phantom was positioned 

exactly at the center of the gantry to 

minimize geometric artifacts.  

 

Objects and ROI  

Low-contrast objects with diameters of 6 

mm, 8 mm, and 10 mm were analyzed using 

two ROIs: a green object ROI and a red 

background ROI. The size of the ROI was 

adjusted to the diameter of each object. 

 

 
Figure 3.4 ROI Creation process in IndoQCT 

 
Tabel 4.1 ROI Size Adjusted to Object Diameter 

No Diameter Object ROI Size (mm) 

1 6 mm 10.73 

2 8 mm 11.99 

3 10 mm 13.25 

 

2-AFC and ROC Tests  

Each object size was tested 100 times using 

2-AFC. The data was then converted into 

200 ROC data points with five confidence 

levels. The evaluation was performed by 

five experienced medical physicists 

 

 
Figure 3.5 2-AFC Test 

 

 
Figure 3.6 ROC Test 
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Data Analysis  

Detection performance was analyzed using 

the percentage of correct answers (2-AFC), 

sensitivity, specificity, and ROC AUC. The 

relationship between 2-AFC and ROC was 

analyzed descriptively and comparatively 

 

RESULT 

The results of the 2-AFC test show an 

increase in the percentage of correct 

answers as the object size increases. 

 
Tabel 4.2 Results of 2-AFC Test Meansurements 

No Size Object Average Correct Answer 

1 6 mm 76% 

2 8 mm 96% 

3 10 mm 99% 

 

ROC analysis shows a consistent increase in 

AUC values 

 
Tabel 4.3 Results ROC Test Meansurements 

No Size Object Average AUC 

1 6 mm 0.76 

2 8 mm 0.80 

3 10 mm 0.81 

 

These results show a linear relationship 

between object size, sensitivity, and overall 

diagnostic performance. 

 

DISCUSSION 

The 2-AFC and ROC test results in Tables 

4.2 and 4.3 indicate an improvement in 

object detection performance as object size 

increases from 6 mm to 10 mm. In the 2-

AFC test, the percentage of correct answers 

jumped from 76% to 99%, while the AUC 

value in the ROC analysis increased from 

0.76 to 0.81. This trend reflects a positive 

relationship between object size and 

observer sensitivity, where larger objects 

make it easier to distinguish signals from 

noise in medical images such as CT scans. 

This improvement is consistent with the 

basic principle of spatial resolution in 

imaging systems, where object sizes 

approaching the imaging resolution limit 

will decrease detection accuracy. 

The most significant increase in the 

percentage of correct answers in 2-AFC 

occurred from 6 mm (76%) to 8 mm (96%), 

followed by a more gradual increase to 10 

mm (99%). This indicates a detection 

threshold of around 8 mm, at which 

observers achieved near-perfect 

performance. In the context of 2-AFC, 

which measures the observer's ability to 

distinguish objects from a blank 

background, these results underscore the 

influence of size on the signal-to-noise ratio 

(SNR). Small objects such as 6 mm are 

susceptible to the partial volume effect and 

quantum noise, thereby reducing the 

observer's confidence in selecting the 

correct alternative. 

ROC analysis complements the 2-AFC 

findings by measuring overall diagnostic 

performance through AUC. The AUC value 

is 0.76 at 6 mm, while it is 0.80–0.81 at 

larger sizes. The relatively small increase in 

AUC from 8 mm to 10 mm (0.80 to 0.81) 

indicates performance saturation, where the 

limiting factor shifts from object size to 

imaging system limitations or observer 

variability. The resulting ROC curve likely 

shows an optimal trade-off between 

sensitivity and specificity at higher 

thresholds for larger objects 

 

CONCLUSION 

Object size significantly affects CT-Scan 

image detection performance. The 

combination of the 2-AFC and ROC 

methods proved effective in evaluating the 

detection quality of small and low-contrast 

objects. This approach is recommended as a 

quantitative evaluation method in the 

optimization of clinical CT-Scan protocols. 
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