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Machine learning (ML) is an evolving technology that can be used 
in automatic classification and recognition of histological slides 
(Figure 1) to be used in a laboratory or in a clinical setting. The 
purpose of this project was to explore the usability of ML models in 
facilitating visual data analysis. The data detailing the performance of 
these ML models can be used to make decisions about processing 
visual data sets much more easily. If a model shows high accuracy in 
its automatic classifications/identifications, it could be used in a 
clinical setting to perform the job of manually analyzing histological 
slides (Garman, 2011). Models can make the identifications that a 
pathologist would need to make a diagnosis, reducing the amount of 
time a patient has to wait before a treatment plan can be established. It 
could be used to determine if a certain model should be used or not 
and which types of situations it would serve best in.

The ML model being investigated in this project was Teachable 
Machine by Google. The final results give the difference in percent 
confidence of the model in classifying histological images based on its 
training for each of the attributes 
being tested. Information like this 
can be used to determine if an ML 
model is a tool that could be used 
In a professional setting to increase 
processing speed.

per class (M = 56.66, SD = 17.73) had an average difference in percent 
confidence of 3.41 (SD = 23.19), indicating that data augmentation 
resulted in an insignificant increase in model confidence across all the 
tissue types, t(7) = −0.784. The obtained p = 0.4585 (two-tailed) was 
greater than the alpha level of 0.05, so the null hypothesis was 
accepted; the difference between the confidences of the two sets was 
not statistically significant (Graph 1).

This employs a method called data augmentation,
which creates more data for the models to learn 
from (Yoon Chang et al., 2019). The model was 
then trained, and the testing images uploaded one 
by one. Testing consisted of gathering data on how 
confidently the generated models identified the 
given test slides as the categories they belonged to. 
The percentage confidences that the model 
outputted for each test image were the raw data 
that was collected, as seen in Figure 2. Any factors
that could impact the output, such as magnification,
were also recorded.

The purpose of this project was to explore the capabilities of 
Teachable Machine in facilitating visual data analysis. The results of 
the paired tissue set discussed here revealed that using data 
augmentation to increase model training did not cause a significant 
increase or decrease in confidence of Teachable Machine’s model. 
Some of the results from other sets come from less robust experiments 
than others, mainly because Teachable Machine creates unsupervised 
models. Without any opportunities to get feedback on its performance, 
the model only looked at the pixels of a picture and couldn’t improve 
its predictions over time. Image quality is important when using ML 
models because high quality images are what allow the machine to 
recognize the shapes of cells and structures in slides. A supervised 
model would be another simple, but stronger way of analyzing visual 
data. This type of model would have the addition of learning from 
feedback on its performance, so its predictions would improve as it is 
trained with more data.

The results of this project would be very useful when determining 
how to use an ML model in a clinical setting as it would allow for 
faster detection of abnormalities and has potential as a screening tool. 
A more advanced model could annotate areas of a slide and allow a 
pathologist to come to a diagnosis much faster or even be taught to 
automatically classify a slide. This data could be used to support a 
model that could form accurate conclusions to second the opinion of a 
pathologist. In a clinical setting, it would allow for quicker diagnoses 
and give doctors more time to work with patients.
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There were 25 different models created and analyzed throughout the 
year but only one is covered here. To explore how the size of training 
classes impacts model accuracy, a paired set was designed that tested 
eight different tissue types with 7 training slides per tissue type in the 
first set and 14 in the second set. They were both separately tested 
with 7 testing slides per tissue type. As seen in Figure 2, the model 
output its percent confidence that the given test slide identified with 
each of the training classes, i.e., which tissue types it resembled.

A paired t-test was used to compare the two groups of outputs, 
which were the means of the confidence levels the model displayed for 
each tissue type when given 7 and 14 slides per training class. The 
models with 14 slides per class (M = 61.13, SD = 28.69) and 7 slides
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Figure 2 (right): Teachable Machine ML model displaying 
output (% confidence that the image belongs to a class). This 
heart tissue slide is at 10× magnification and stained with H&E. 

To observe Teachable Machine’s confidence in classifying the 
slides, first a test attribute, such as stain type, magnification level, etc. 
was chosen. Then, the slide images used to train the model to 
differentiate between image classes were downloaded, as well as the 
images used to test its performance. The attributes of each of the slides 
were monitored and kept consistent by cross referencing images with a 
spreadsheet containing data about each image. Then those training 
slides were separated into folders, uploaded, and labeled as different 
classes in Teachable Machine based on the attribute being tested.

In this paired tissue set, the first set was trained with 7 slides per 
tissue class and the second with 14 slides per class. This was a paired 
set, so the same 7 slide images were used to train each model, but the 
images were flipped and used as separate slides in the second set. 

Figure 1 (right): This is a guinea pig eye 
at 10× magnification, stained with H&E 
(hematoxylin & eosin), which is used to 
stain many of the slides used.

Graph 1 (left): 
differences in 
confidence 
levels for each 
tissue type in 
the 7 and 14 
image sets; 
paired t-test 
yielded that 
there was no 
statistical 
difference in 
the means.-80

-70
-60
-50
-40
-30
-20
-10

0
10
20
30
40
50
60
70
80

di
ffe

re
nc

e 
in

 p
er

ce
nt

 c
on

fid
en

ce

Percent confidence difference in tissue sets 
(14 image set − 7 image set)

brain heart kidney liver lung skin stomach testes


