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ABSTRACT

Through the use of artificial intelligence (Al) and natural language processing (NLP), an
advanced health-agent system, Promoting Mums through Pregnancy & Postpartum Through
SMS (PROMPTS), has been deployed in Kenya to help pregnant mothers, or mums, receive the
help they need. Unfortunately, the health care system in Kenya is poor, which leads to challenges
in mums getting the necessary care and results in many maternal and neonatal deaths. While the
PROMPTS platform has helped to improve the health care that the mums are receiving, there is
potential for it to be optimized further by considering the current challenges that the system
faces. This paper focuses on the use of traditional classification models to improve classification
performance. By analyzing three classification models, Adaptive Boosting (AdaBoost), Random
Forest (RF), and k-Nearest Neighbors (k-NN), this work aims to create a new model that
combines the three classifiers in an optimal manner. The models discussed in this paper are
evaluated using three main performance metrics: precision, recall, and F1 score. With a model
that effectively and accurately classifies information, PROMPTS will have a better overall

performance.
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Chapter 1

Introduction

Kenya lacks a high quality health care system, resulting in delays in care-seeking as well
as inaccurate diagnoses. This limitation makes it hard for people to get the help they need in a
timely manner. Women are often not able to receive the appropriate care during their
pregnancies [1]. Many maternal and neonatal deaths occur in Kenya, with 6,300 women dying
annually during pregnancy and childbirth as of 2015, and the maternal mortality ratio estimated
to be 342 per 100,000 live births as of 2017 [1, 2]. In 2020, the infant and neonatal mortality
rates were 31 and 20 per 1000 live births, respectively [3]. Approximately two-thirds of neonatal
deaths and 80% of maternal deaths are due to delays in care-seeking [4]. These women do not
have the information they need to make informed decisions about their pregnancy care,
evidenced by the fact that as little as 8% of poor women in Kenya have access to minimal quality
maternal health services [5]. Kenya failed to meet the 2015 Millennium Development Goals for
maternal and child mortality rates, and it remains an important issue [2].

Jacaranda Health is an organization that aims to stop preventable deaths by developing
affordable and sustainable solutions to improve the maternal care quality that these mums are
receiving. The organization partners with government health systems to deliver and deploy these
technology-based solutions to over 930 hospitals and health centers through working with the
National Ministry of Health and 20 Kenyan County Governments [6]. Through better care and

improved access to it, 80% of maternal deaths that happen in facilities as well as a large portion



of newborn deaths in Kenya can be prevented [7]. As a result, 50% of all maternal deaths and 1
million neonatal deaths can be avoided [8].

An advanced health-agent system, PROMPTS, developed by Jacaranda Health is widely
used among pregnant women in Kenya with over 1 million users [9]. PROMPTS is a “digital
health platform connecting mothers with lifesaving advice and referral to care” [10]. It enables
mums to use an SMS messaging system to seek required online advice and doctor assistance at
no cost to them and for a lifetime cost of only 0.74 USD per mother to those funding the
platform [11]. Once a pregnant woman registers for PROMPTS, she will start receiving
“prompts” through text messages providing tips and behaviors based on her current stage of
pregnancy. The mum can also use the service to ask questions regarding her pregnancy by
sending a text message to a trained Helpdesk agent, which will then decide the case emergency
level based on the text. Simple questions that are not high risk can be answered by the Helpdesk
service directly. If the case exhibits a potential danger sign that could mean it is high risk and
needs to be urgently addressed, then an Al-based triage system will kick in. The system will use
Al to assign a degree of urgency to the situation so that the mum can be screened by the
Helpdesk agent. A “Triage Bot” categorizes the intent of various user questions using NLP. If
the screening determines that the mum has an urgent issue that needs care, then the Helpdesk
agent will refer her to the appropriate facility and share the required information with the
healthcare providers in a digital file so that they can assess the situation and act immediately.
The pregnant woman will successfully receive care through this process that uses Al and a
Helpdesk agent in a much faster and more effective manner.

The PROMPTS platform leads to improved maternal outcomes and safer mothers and

children. The service has already “driven key behavior changes such as improved breastfeeding,



family planning, and infant vaccination, as well as improve referral and triage of urgent cases,
connecting mums and their babies facing life-threatening clinical conditions to the closest, well-
equipped facility” [10].

While the PROMPTS service has been deployed by Jacaranda Health and is greatly
improving the quality of care for pregnant women in Kenya, there are some challenges that need
to be considered to optimize the system further. First, the text messages are in a code-mixed
format, but the existing translation tools do not work well. By more effectively translating the
messages, the emergency level prediction accuracy of the model could potentially be improved.
The second challenge is how to improve the system so that the messages can be explained and
evaluated correctly. Currently, the system is only looking at the latest, most recent incoming text
message to classify the risk level, but it is important to consider how the categorization could be
bettered to further improve the prediction accuracy. This paper will focus on the second
challenge by looking at various traditional classification models that can be used in the system.

Based on these considerations, the research goal of the work is to propose an NLP-based
system to process the code-mixed text messages and take into consideration the history of text
messages from patients in order to improve the prediction accuracy on the emergency level of
patients’ health issues. The plan to achieve this goal can be broken down into three parts:
transform the emergency level prediction problem into a multi-class text classification problem
and optimize the classification performance, apply NLP techniques to propose new models or
algorithms to deal with the code-mixed text in Swahili and English automatically, and further
improve the prediction accuracy through considering the whole medical history of patients.
Jacaranda Health’s PROMPTS service has already shown promising results of improving the

quality of care for pregnant women in Kenya. This paper will look at the first part of the goal to
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further optimize the PROMPTS platform in order to improve the quality of care even more and

give the mums the help they need.



Chapter 2

Related Work

The use of an SMS messaging system to improve the quality of maternal health care has
been studied in prior work. This chapter will discuss the various perspectives through which the

topic has been investigated.

Support Network

One aspect that prior work has focused on is how to improve communication between
pregnant women and healthcare workers. Often, weak communication links can cause mums to
not receive the care they need in a timely and effective manner. As a result, Khanum, De Souza,
et al. [12] designed a pregnancy care network based on smartphone devices and communication
systems. The network relies on an online server, which stores medical information uploaded by
healthcare professionals and pregnant women. The healthcare workers and mums can use a web
user interface and client application, respectively, to access and view, as well as upload, the data.
Through this setup, pregnant women and healthcare staff will be better connected and have
stronger communication. The system also educates women about and monitors pregnancy.
Another paper explored the use of video on phones for communication between midwives and
pregnant women in rural India to observe whether mobile phones would have a positive response
and impact on the relationship between the two groups [13]. While these papers demonstrate the
importance of strong communication links between healthcare workers and mums as well as the
usefulness of mobile phones in creating these links, which are important conclusions for the

work in this paper, the systems in such prior work still require manual work to be done and there



are no automated parts to the process. With an increasing demand for healthcare, healthcare
professionals are not equipped to properly care for all the mums. Therefore, unlike these
previous papers, this work will analyze the use of automation in the PROMPTS system to

provide mums with the maternal care they need in a more time-efficient manner.

Al for Communication and Information Dissemination

A lot of work has been done on how Al can be used to talk to pregnant mothers and
convey important information about pregnancy to them. For example, “MumCare” is an Al
assistant that provides case-by-case services [14]. The assistant gives pregnant women easy
access to maternal health-related information, sends daily reminders based on individual needs,
allows women to make emergency calls, and includes a virtual chatbot that women can
communicate with to feel like they are talking to their unborn child in order to improve their
mental health. According to [15]-[17], Projecting Health, a public health project in rural India,
works to spread maternal and neonatal pregnancy information to mums through mobile phones
and videos using a community approach. While the findings in these works are helpful in
distributing information that could help mums avoid pregnancy issues, they do not explore the
possibility of women reaching out for help on an individual basis and being directed to the right
resources. The MumCare application has a virtual chatbot, but it does not serve this purpose.
Instead, it is only meant to give the illusion of talking to an unborn child. The work in this paper
examines the idea of pregnant women asking questions and receiving the necessary information

and care.



Automated Message Triage

The closest prior research found to the work being presented in this paper uses an
automated message triage. Engelhard, Copley et al. [18] focus on using automation with a
helpdesk to improve the quality of maternal health care in South Africa. Their work attempts to
improve responsiveness to high-priority messages by automating the process of assigning labels
to incoming messages similar to the PROMPTS system in this paper. Their paper, however,
examines violence against and mistreatment of women as the main high-priority label that needs
to be predicted correctly. The discussion of this research will expand and focus more broadly on
the classification of incoming messages into several different intents. Additionally, Engelhard,
Copley et al. analyze the use of the naive Bayes classifier for labeling incoming messages, while
this paper will study other classifiers. Although the overall ideas of the two papers are similar,

the focus of this work is slightly different.



Chapter 3

Dataset

The dataset contains 107,714 total data points. An individual incoming text message from
a patient is considered as one data point, and each text message is in Swahili or English. An 80%
train-20% test split was used to separate the dataset into train and test data, so 86,171 data points
were used for training while 21,543 data points were used for testing. Although the patients’
phone numbers are provided in the dataset, they are not included in this analysis since only the
current incoming text message is being considered at this point instead of the history of the
patients’ texts.

Text feature extraction had to be done on the input of text messages before the traditional
classification models could be tested on the data. Two different methods were tried for text
feature extraction: word frequency and Bidirectional Encoder Representations from
Transformers (BERT). For the first technique based on word frequency, the input of text
messages first needed to be preprocessed. The method used for preprocessing was the Snowball
Stemmer algorithm, which processes words and simplifies them to the base word, otherwise
known as the stem [19]. By reducing words to their stems, words that are similar and come from
the same base word will be under one overarching stem. The text processing method of regular
expressions was also tried, but the stemmer yielded better results. After preprocessing using the
stemmer was complete, the term-frequency inverse document-frequency (TF-idf) method, which
does both tokenization and occurrence counting was used for feature extraction [20]. The second
method based on BERT implemented the pretrained BERT model, ‘bert-based-uncased,” which
has 12-layer, 768-hidden, 12-heads, 110M parameters and is trained on lowercase English [21].

The BERT model was tried with a maximum length of 100 and a batch size of 256. Text feature



extraction based on BERT performed better, so this method was chosen in the end. After text
feature extraction, the input was ready to be fed into the traditional classification models.

To classify the data points into categories, 58 intents were used when testing the
traditional classification models. The intents describe the topic of an incoming text, and each
intent is associated with a risk level that allows the PROMPTS system to determine how urgent a
patient’s case is. The largest intent is “pregnancy general,” which contains 13,557 data points
and holds all the data points related to pregnancy that do not fit under the other more specific
pregnancy-related categories. There are 60 intents used in the system in total, but 2 of them have
very few data points and have therefore been omitted from the evaluation in this paper. Each of
the 58 intents is associated with a label between 0 and 57 using a label encoder, and each text
message in the dataset is associated with a number as its true intent label. Figures 1 and 2 show
the distribution by intent of training and testing data points, respectively. The two different sets
have the same approximate distribution. Appendix A shows the relation between the intents and
labels. Using the processed input of text messages and the intent labels represented as numbers,
the traditional classification models were run on the data and each data point in the test data was
assigned a number as the predicted intent label so that further analysis could be done by

comparing the true and predicted labels.
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Chapter 4

Methods

Three traditional classification models were run on the dataset: AdaBoost, RF, and k-NN.
Each classifier was tested with its default parameters to observe which intents it performed best
on so that a new model could be created by optimally combining the three models.

For each classifier, an intent-level confusion matrix was constructed, as well as graphs
for the precision, recall, and F1-scores. The intent-level confusion matrices for AdaBoost, RF,
and k-NN are shown in Appendix B, Appendix C, and Appendix D, respectively. The main
diagonal in each confusion matrix displays the accurate results (true positives and true
negatives), while the rest of the confusion matrix shows the inaccurate results, where the rows
show false positives and the columns show false negatives. The matrices are shown as heat maps
for easy visualization of the results through the use of a color range. The lighter colors show
where a larger portion of the data points fall, so the goal is to have more lighter colors along the
main diagonal of the matrices. The numbers in each cell show the logarithm of the value
calculated for that point in the confusion matrix. The logarithm was taken to help with
visualization by making the colors more distinct since it allowed the colors to have a smaller
range of values. The results for each model individually will be discussed in detail in each

subsection followed by an overall comparison of the three models.

Adaptive Boosting

AdaBoost is a boosting technique, which works by converting weak learners into strong

learners. The classifier creates decision trees called stumps, where each stump is a node with
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only two leaves. During the training stage, the algorithm classifies the data points based on an

initial model. The data points that are misclassified are assigned higher weights for the next
iteration so that they have a higher classification probability. Another model will be created and
tested, and once again, the misclassified points will be given a higher weight for the next model.
This training process will continue until a final, stronger model is made from a combination of
the weaker, individual models based on the results from each iteration. By passing through all
the stumps that were created during training, the test data can then be classified based on the
majority of the votes from all of the stumps [22].

The precision for each intent is displayed in Figure 3. Precision is the ratio of the number
of predicted true positives to the total number of predicted positives (both true and false) [23]. As
can be seen in the graph, the precision for many of the intents is low, with many intents having a
precision of 0.0 and the lowest nonzero precision being 0.058823529 for the “dizziness” intent.
The intent “ok _thanks” has the highest precision with a value of 0.756708408, but this is the
only intent that has a precision above 0.50. In fact, the precisions of all the other intents are
below 0.30. The macro average for precision is 0.073576464, and the weighted average is
0.148979851. Even though the weighted average is a little over double the macro average,
meaning that the precision performed better for intents that are more prevalent in the data, the

average is still low for AdaBoost.
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Figure 3: Precision for AdaBoost
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The recall for each intent using the AdaBoost classifier is shown in Figure 4. Recall is the
ratio of the number of predicted true positives to the total number of actual positives (true
positives and false negatives) [23]. Similar to the precision scores, many of the recall scores for
AdaBoost are 0.0 or close to 0.0, with the lowest nonzero recall being 0.003656307 for
“breastfeeding.” There are a couple more recall scores above 0.50 than precision scores, with
“pregnancy_general” having the highest recall score of 0.656710914 and “ok thanks” being a
close second with a recall score of 0.640909091. Other than the three intents with a recall above
0.50, however, the rest of the intents have recalls below 0.20. The macro average for recall is
0.049009902, and the weighted average is 0.19686209. Once again, the weighted average is
higher than the macro average (almost 5 times greater), but the average is still low overall like

the average for precision.
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Figure 4: Recall for AdaBoost
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The F1 scores for each intent are summarized in Figure 5. The F1 score is the weighted
average of precision and recall [23]. Since the precision and recall scores for many of the intents
are low, the F1 scores are also low for many of the intents with several of the scores once again
being 0.0. The lowest nonzero F1 score is for “breastfeeding” with a score of 0.007054674.
Since the “ok thanks” intent has both high precision and recall scores, its F1 score is also high at
0.694011485, which is the highest F1 score across all the intents. Apart from this intent, the rest
of the intents have F1 scores below 0.40. The macro average for F1 scores is 0.044836835, and
the weighted average is 0.132315396. These averages follow the same trend as the precision and

recall scores.
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Figure 5: F1 Score for AdaBoost

°
S

F1 Score

0.2

0.0

bleeding
ultrasound

facility_visit [l

urination_uti

baby_spitting_up

vaccination_immunization

Intent

Overall, the AdaBoost classifier does not perform well in terms of precision, recall, and
F1 score. All three metrics have low scores for the most part, signifying that this model is likely
not the best fit to achieve the goal. The next traditional classification model that was tested was

the RF classifier.

Random Forest

The RF classifier creates multiple decision trees based on subsets of the training data.
Unlike AdaBoost, the trees in this model can have more than two leaves. Data points from the
training set are selected randomly as subsets, and decision trees are created based on the data
points. Depending on how many decision trees are necessary, data points will continue to be
randomly chosen from the training data and more decision trees will be created. Once all the
decision trees have been created, the testing data can be classified through voting, where the

majority vote determines the categorization of the data point [24].
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The precision for each intent is shown in Figure 6. From a quick scan of the graph, it is

clear that the precision for the RF classifier is much better than that of AdaBoost. There are
several intents that have a precision score of 1.0, including baby_diarrhoea, pain_breast, and
ultrasound. While there are still some intents that have a precision of 0.0, there are very few
intents that have such a low precision with the RF model, especially when compared to the
precisions from AdaBoost. The lowest nonzero precision is 0.180218332 for
“pregnancy_general,” which is also much higher than the lowest nonzero precision score of the
AdaBoost classifier. The macro average for precision is 0.488244827, and the weighted average
is 0.489061435. In this case, the macro average and weighted average are close, meaning that the

precision was about the same over all the data regardless of the distribution of the intents.

Figure 6: Precision for RF
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The recall for each intent is summarized in Figure 7. While the recall scores overall
appear lower than the precision scores for the RF model, they are still generally better than the

recall scores from AdaBoost and there are less recall scores of 0.0. The highest recall of
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0.737166324 is for “survey response,” and the lowest nonzero recall of 0.0041841 is for

“bleeding,” both of which are higher than the highest and lowest recall scores, respectively, from
AdaBoost. Even though “pregnancy general” has a low precision score with the RF classifier, it
has the second highest recall score of 0.706120944. The macro average for recall is
0.122889067, while the weighted average is 0.325117207. Similar to the averages from
AdaBoost, the difference in the macro and weighted averages shows that the recall is better for

intents with more data.

Figure 7: Recall for RF
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The F1 scores for each intent are displayed in Figure 8. Since the precision and recall
scores were overall better for the RF classifier than the AdaBoost classifier, the F1 scores are
also generally better for the RF model. The highest F1 score is for “ok thanks” with a score of
0.79202773, while the lowest nonzero F1 score is for “bleeding” with a score of 0.008333333.

Similar to the precision and recall scores, the highest and lowest F1 scores are higher for the RF
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model than the AdaBoost model. The macro average for F1 scores is 0.14481923, and the

weighted average is 0.28513143, so the F1 scores are better for intents with a larger portion of

data.

Figure 8: F1 Score for RF
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Although a full comparison of the three models will be done after investigating the k-NN
classifier, the RF model seems to have generally outperformed the AdaBoost classifier. In terms

of all three metrics, the RF classifier achieved better results.

k-Nearest Neighbors

Contrary to the AdaBoost and RF classifiers, which are ‘eager learners,” the k-NN
classifier does not involve pretraining to create a model that will then be used to predict
classifications of testing data. Instead, the k-NN classifier is a ‘lazy learner,” so a model is not
created using training data before predictions are made about the testing data. The training data is

plotted in an n-dimensional space, where n is determined by the number of data attributes, and
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each data point is labeled with its intent. Each point in the testing data is then plotted in the n-

dimensional space, and the classification of a testing data point is determined by the labels of its
k nearest neighbors, where k is specified as a parameter. For the model in this case, k is set to be
the default of 5. The label with the majority vote based on the k nearest neighbors is assigned to
each test data point [25].

The precision for each intent is summarized in Figure 9. The number of precision scores
that are 0.0 is the least for the k-NN classifier out of the three models, with only 3 intents having
a precision of 0.0. The highest precision of 0.902752294 is for the “ok_thanks” intent, and the
lowest nonzero precision of 0.023529412 is for “baby fever discharge.” While the highest
precision from the k-NN classifier is larger than that from AdaBoost, it is lower than the highest
precision from the RF model. Also, the lowest precision from the k-NN model is smaller than the
lowest precisions from both the AdaBoost and RF classifiers. The weighted average for precision

of 0.380853557 is higher than the macro average of 0.284792197.

Figure 9: Precision for k-NN
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The recall for each intent is displayed in Figure 10. The highest recall score is for

“ok_thanks” with a score of 0.745454545, which is the highest recall out of all three models. The
lowest nonzero recall score is for “numbness” with a score of 0.018867925. This is the highest
lower bound for the recall score out of the three models as well. The macro average for recall
using k-NN is 0.231764762, while the weighted average is 0.328552198. Once again, the

weighted average is higher than the macro average.

Figure 10: Recall for k-NN
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The F1 scores for each intent are shown in Figure 11. Since the “ok_thanks” intent
performed the best in terms of both precision and recall, it also has the highest F1 score of
0.81659751. In fact, this F1 score is the highest one out of all three models. The lowest F1 score
of 0.028169014 for the “baby fever discharge” intent using the k-NN classifier is also the
largest one out of the lowest F1 scores of the three models. The macro average of the F1 scores is
0.232216644, and the weighted average is 0.336308875. The difference in the macro and

weighted averages for F1 scores is similar to the difference in averages for precision and recall.
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Figure 11: F1 Score for k-NN
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The k-NN model mostly performed better than the AdaBoost classifier, but when
compared to the RF classifier, there were some metrics where each one performed better than the
other. Since it is not as clear which model would be a better fit to achieve the overarching goal,

the next part of this paper will go into a more detailed comparison of the three models.

Comparison of Three Traditional Classification Models

For each of the three classification models, the overall accuracy, which is a ratio of the
total correct predictions (both true positives and true negatives) to the total number of
predictions, is shown in Table 1 [23]. As can be seen, the RF and k-NN classifiers perform better
than AdaBoost by approximately 13%. RF and k-NN, however, have very close accuracy scores,

with k-NN performing better by less than 0.5%.



Table 1: Overall Accuracy for Traditional Classification Models

AdaBoost 0.19686209
RF 0.325117207
k-NN 0.328552198

The macro and weighted averages for the three performance metrics (precision, recall,
and F1 score) for each of the classifiers are summarized in Tables 2 and 3. Similar to the
accuracy scores, the RF and k-NN models performed better in every metric for both the macro
and weighted averages than the AdaBoost classifier. The k-NN model yielded better recall and
F1 score averages than RF, while the RF classifier resulted in better precision scores for both

macro and weighted averages.

Table 2: Macro Average for Each Performance Metric

Precision Recall F1 Score
AdaBoost 0.073576464 0.049009902 0.044836835
RF 0.488244827 0.122889067 0.14481923
k-NN 0.284792197 0.231764762 0.232216644
Table 3: Weighted Average for Each Performance Metric
Precision Recall F1 Score
AdaBoost 0.148979851 0.19686209 0.132315396
RF 0.489061435 0.325117207 0.28513143
k-NN 0.380853557 0.328552198 0.336308875

While the averages in Tables 2 and 3 give an overview of performance metric
comparisons for the three models, the graphs in Figures 12, 13 and 14 give a comparison of the
precision, recall, and F1 scores, respectively, for each individual intent. In each graph, the blue,
orange, and green bars represent the AdaBoost, RF, and k-NN classifiers, respectively. The
intents on the horizontal axis are color-coded using the same color scheme as the bars based on
which model performed the best for each specific intent. Intents that are black signify that all

three models have the same score of 0.0 for these intents.
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The graph in Figure 12 comparing the precision scores for each intent shows that the

orange bars, which correspond to the RF classifier, are the highest for a majority of the intents,
such as “baby hiccups” and “fetal movement.” When looking at each intent individually, many
of the bars for the RF classifier are drastically higher than the bars for the k-NN and AdaBoost
models. The RF classifier not only performs the best in precision when comparing the macro and
weighted averages, but it also performs the best for individual intents. The k-NN classifier in
green gives the highest precision for the rest of the intents that RF model does not cover, such as
“baby jaundice” and “pregnancy general.” The AdaBoost classifier does not have the highest

precision for any of the intents.

Figure 12: Precision Comparison of Traditional Classification Models
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Unlike the precision comparison where the RF classifier performed the best, the recall
comparison in Figure 13 shows that the green bars representing the k-NN model are the highest
for most of the recall scores. Other than “baby general,” “pregnancy general,” and

“survey_response” for which the RF model performed better, and “depression,” “diarhhoea,” and
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“financial,” which had scores of 0.0, all the other intents had the highest recall with the k-NN

classifier. Once again, AdaBoost did not perform best for any of the intents. For many of the
intents, the recall score from the k-NN model was a substantial amount greater than that from the
other two models. Based on observations from both the macro and weighted averages as well as
the intent-level comparisons, the k-NN classifier performed best in terms of recall.

Figure 13: Recall Comparison of Traditional Classification Models
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The comparison between the three models of F1 scores for each intent are shown in
Figure 14. While some intents have the best F1 score with the RF model and others with k-NN,
AdaBoost does not have the best F1 score for any of the intents. A majority of the intents have a
better F1 score with k-NN in comparison to RF, with only 7 intents having a better F1 score with
the RF classifier. The macro and weighted averages for F1 score with k-NN are also better than

those with RF. Based on all of this information, k-NN seems to yield the best F1 score results out

of the three models.



25
Figure 14: F1 Score Comparison of Traditional Classification Models
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Both the k-NN and RF classifiers have potential to optimize classification performance,
since they are comparable in the performance metrics and each classifier achieves better results
in different ways. AdaBoost, on the other hand, had the poorest performance by a significant
margin in all the performance metrics. Therefore, when creating a new model based on the
results from the traditional classifiers, the focus will be on using k-NN and RF to construct an

optimal model.
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Chapter 5

Proposed Framework

Model

To create a new model using the k-NN and RF classifiers, the data was run through four
versions of each type of classifier. The n_estimators parameter, which specifies the number of
trees in the forest, was changed between 50, 100, 150, and 200 for the four runs of the RF
classifier [25]. During the four runs of the k-NN classifier, the n_neighbors parameter, which
represents how many of the closest neighbors of a data point will vote to determine the label of
that data point, was changed between 5, 10, 15, and 20 [26]. Once the data was run through all
eight versions of the classifiers, each test data point had a predicted label from each version.

The eight predicted labels were used to create three different models. In the first model,
each data point was assigned a predicted label based on the intent that was chosen the maximum
total number of times by all eight versions of the classifiers. The other two models were similar
except that the second model was only based on the four RF classifiers, while the third model
was only based on the four k-NN classifiers.

Since F1 scores take into consideration both precision and recall, the intent-level F1
scores of the three models were compared to each other as shown in Figure 15 to determine
which model to complete further analysis on. Based on the key in the graph, “Combined,” “RF,”
and “k-NN” represent the first, second and third models, respectively, as described in the
previous paragraph. The intents on the horizontal axis are color-coded based on which model
gave the best results. The model based on solely the RF classifier (orange) performs the best on

only one intent, “baby_constipation.” The model based on both the RF and k-NN classifiers
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(blue) does the best on 14 intents, while the model based on only the k-NN classifier (green)

performs well on 38 intents. Not only does the model based on the k-NN classifier yield better
results than the other two models for more intents, but it in fact performs the best on a majority

of the intents (approximately 65.5%).

Figure 15: F1 Score Comparison of Three Proposed Frameworks
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Since the model using only the four different versions of the k-NN classifier has the best
performance based on the F1 score comparison between the three models, this model will be

used for the rest of the evaluation in this section and will be referred to as “k-NN Combined.”

Experimental Evaluation and Results

The same results were generated for k-NN Combined as were previously generated for
AdaBoost, RF, and k-NN in Chapter 4. The confusion matrix is provided in Appendix E. Figure
16 displays the intent-level precision for k-NN Combined, with the highest precision being

0.920222635 for the “ok_thanks” intent and the lowest nonzero precision being 0.064102564 for
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“baby_breathing.” The macro average for precision is 0.329432379, while the weighted average

is 0.398154204. Since the weighted average is a little higher, the precision for intents with larger

amounts of data is slightly better.

Figure 16: Precision for k-NN Combined
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The recall scores for each intent are shown in Figure 17. The highest recall score of
0.751515152 is for “ok_thanks” similar to the highest precision score, while the lowest recall
score of 0.047619048 is for “pain_breast.” The macro and weighted averages for recall are
0.242063674 and 0.368240264, respectively. There is a larger difference between the averages
for recall than those for precision, signifying that recall is more sensitive to the amount of data

per intent.
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Figure 17: Recall for k-NN Combined

B uoneziunww uoneuIRA
I i uoneunn
I ronosenn
I Guiems
I o5 odsa) Ao
I onisod Buidaals
N oiausb Aoueubaid
o
I < e
I suicuped
I 5 wopqeiamol uted
I ssiured
I -
B seaiq ued
- e
I, < +e1 40
B sssuqunu
I 5uiiwoneasneu
s50|”Aqeq abeluedsiu
I 2.2usb uonepaw
e
I oo
e .
I
I e
[esueUY
I 1527007
I -rone)
[
I s Auoey
., 72
P
N <G
I uoniAny13P
eaoyuep
uoissaudap
B onedisuod
I onoss
I Guipssiseaiq
I o6 pociq
I Gupesia
I < 6unnds Aqeq
I useiAaeq
e
I G.1u12°1 sucisajwAqeq
I cunsTeuoisaliuiAqeq
I 22u=baucsajwAqeq
I =>punelAgeq
I > /%
I <255 /ot
aBueydsip Janay Aqeq
B =souueip Ageq
- T
[ P
e
I 5uiiesiq Ageq
I soidwid audeTAgeq
e

-

0.6
0.2
0.0

S
IEREN]

Intent

Figure 18 displays the F1 scores. Based on the highest precision and recall scores, the

hest F1 score of 0.82735613 is for “ok thanks.” The lowest F1 score of 0.06993007 is for

hig

“baby_breathing.” The macro and weighted averages are 0.253656704 and 0.364241046.

Figure 18: F1 Score for k-NN Combined

I uoneziunwuwuopeueA
I ' uoneuln
I ;o
I 6.1oMs
I o5 0ds3: Aanns
I o:v<0d Guidosrs
D (2:ausbAoueubaid
I o
I ..
I sui0uied
I . >1ucpqeiamol ufed
I e
I -/ e
B 5o uied
e
. ELNl
B souounu
I Guiiwoneasneu
ss0|”Aqeq abelueds|w
I (o:ou=b uonespaw
e '
g
B
I ey
[esueUy
L [,
I onone
I A
I s Aoey
-
[
N os.:1
I uonynu ™I
eaoyuep
uoissaidap
I onedisuos
. o5
I Guipssnseaiq
— e
I 5uipseia
I v 6unuds geq
B s faeq
e
I Guiuea) auojsawAgeq
[ SunnisTauoisaliuiAgeq
B (<sous6sunsawAgeq
I >>ipunelAgeq
I > %
I (c:sustAgeq
2bueydsIp Jan3) Aqeq
I =sousep Ageq
e I
I 350> A
I 510> Ageq
I Guiuiesiq Ageq
I - idwid audeAqeq
e

=

0.8
0.6
0.2
0.0

s
21035 14

Intent



30
To further analyze the k-NN Combined model, the next few figures compare the model to

the traditional classification models of RF and k-NN through the performance metrics of
precision, recall, and F1 score. Figure 19 shows a comparison of precision between the three
models. A majority of the intents still have better results with the RF classifier in terms of
precision, but the k-NN Combined model performs better on more intents than the simpler k-NN
classifier. Specifically, the k-NN Combined model has the best precision performance for 9
intents compared to 4 intents with k-NN. The macro and weighted averages for precision also

support this conclusion, as the averages for k-NN Combined are worse than those for RF but
better than those for k-NN.
Figure 19: Precision Comparison for k-NN Combined
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Combined performs the best out of the three models on 33 intents, which is a majority of them

(56.9%). In comparison, k-NN yields the best results for 20 intents and RF does the best for 2
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intents. The macro and weighted recall averages for k-NN Combined are also better than those

for both k-NN and RF.

Figure 20: Recall Comparison for k-NN Combined
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Figure 21 shows the comparison of the F1 scores. While RF and k-NN perform the best
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on 4 and 13 intents, respectively, K-NN Combined yields the best results for 38 intents (65.5%).
Clearly, k-NN Combined has a much better performance in terms of F1 scores. The weighted

and macro averages for k-NN Combined are also better than those for both RF and k-NN.
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Figure 21: F1 Score Comparison for k-NN Combined
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k-NN Combined performs better than both the traditional classifiers of RF and k-NN for every
other performance metric. The overall accuracy of k-NN Combined, which is 0.36824026, is also
better than the accuracies of RF and k-NN, which are both approximately 0.33 as shown in Table
1. Since F1 score is based on both precision and recall, and the k-NN Combined model
performed much better than the traditional RF and k-NN classifiers in terms of the F1 score
metric, it can be concluded that k-NN Combined has a better overall performance than either of

the traditional classification models.
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Chapter 6

Conclusion and Further Research

The discussion so far provides a baseline for improving prediction accuracy in the
PROMPTS system by better classifying the incoming text messages into their appropriate intents
and risk levels. The traditional classifiers of AdaBoost, RF and k-NN provided a good starting
point to create a new model by combining the appropriate classification models based on their
results. Through a performance analysis of the traditional classification models, it became
apparent that AdaBoost did not yield great results but RF and k-NN had potential. As a result,
three new models were created using the RF and k-NN classifiers. Out of the three newly created
models, the k-NN Combined model, which is based on combining four different versions of only
k-NN, was chosen as the final proposed framework since it had the best intent-level F1 scores.
Upon further analysis of the k-NN Combined model through a comparison to the traditional RF
and k-NN classifiers, it was determined that k-NN Combined had a better overall performance
when considering all the performance metrics even though RF had better precision.

Apart from traditional classification models, deep learning frameworks can also be
investigated to improve prediction accuracy. As mentioned in the introduction, there are three
parts to achieving the overall goal of this research. Exploring deep learning frameworks would
help to continue to work towards the first part of the plan. To address the second part of the plan,
another aspect to investigate is NLP techniques that would better handle the code-mixed text in
Swahili and English. Currently, the Google API is being used to deal with code-mixed text, but it
might be possible to improve the accuracy of intent classification by creating a new model for
translation based on NLP. The last part of the plan for achieving the goal can also lead to further

research by analyzing if changing the system to look at the history of medical records and
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messages from patients produces better and more accurate results than simply looking at the

currently incoming text. The traditional classification models discussed in this paper have
already shown promise, and these avenues of further research could potentially improve the

system beyond the current results.



Appendix A

Intent-Label Relations

Intent Corresponding Label

anc_visit

baby acne pimples

baby breathing

baby colic

baby constipation

baby cord

baby diarrhoea

baby fever discharge

baby general

baby hiccups

baby jaundice
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baby milestone general

baby milestone sitting 12
baby milestone teething 13
baby poop 14

baby rash 15

baby spitting up 16
bleeding 17

blood group 18
breastfeeding 19
c_section 20
constipation 21
depression 22
diarrhoea 23

diet nutrition 24
discharge 25
dizziness 26

edd 27

facility visit 28




Intent Corresponding Label
family planning 29
fatigue 30
fetal movement 31
financial 32
heartburn 33
ifas 34
intercourse 35
labour signs 36
linda mama 37
medication_general 38
miscarriage baby loss 39
nausea_vomiting 40
numbness 41
ok thanks 42
pain_back butt 43
pain_breast 44
pain_head 45
pain_leg 46
pain_lower abdomen 47
pain_other 48
pain_stomach 49
periods 50
pregnancy general 51
sleeping_position 52
survey response 53
swelling 54
ultrasound 55
urination uti 56
vaccination immunization 57

36
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Appendix B

AdaBoost Confusion Matrix
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Appendix C

RF Confusion Matrix
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k-NN Confusion Matrix
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Appendix E

k-NN Combined Confusion Matrix
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