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Abstract
This study explores the potential and integration of a Swahili-speaking social robot as a mathematics tutor in Tanzanian 
primary schools. Leveraging the GPT-3.5 Large Language Model (LLM) and a NAO social robot, the research investigates 
the feasibility and effectiveness of using state-of-the-art technologies to support mathematics education in a low-resource 
setting. Because classroom lessons in such contexts often provide limited opportunities for individualised support, the 
robot was designed to serve as an after-class remedial tutor following a lesson on the same topic taught by a human 
teacher. Through a series of sessions conducted in five public primary schools involving 26 third- and fourth-grade pupils, 
the study assessed pupils’ cognitive learning outcomes and their perceptions of the social robot as a tutor. The robot’s 
tutoring approach incorporated contextual information and pupils’ progress to provide personalised feedback. The results 
show a significant improvement in pupils’ understanding of the mathematics topic following the robot’s tutoring, sup-
ported by qualitative feedback highlighting the robot’s friendliness, knowledgeability, and effective tutoring methods. The 
study underscores the potential of AI-powered social robots to complement classroom teaching in resource-constrained 
environments and offers insights for future research and development in this domain.

Keywords  Large language models · Social robots in education · Mathematics education · GPT models · Swahili · Low-
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A Tale of Two Tutors: Swahili-Speaking Robot Tutoring After Classroom 
Math Lessons in Tanzanian Primary Schools

Edger P. Rutatola1,2  · Qiaoqiao Ren1 · Maria Jose Pinto-Bernal1 · Koen Stroeken3 · Tony Belpaeme1

1  Introduction

1.1  Mathematics Education in Tanzania

Science and technology are at the core of the development 
innovations we experience today, fuelling economic growth 
and improving the livelihoods of many nations. It is also 
undisputed that mathematics forms the foundation for under-
standing scientific and technological concepts, making its 
proficiency essential in the modern world [1, 2]. However, 
pupils in the United Republic of Tanzania still struggle with 
mathematics at all levels, from primary schools to universi-
ties [3, 4]. The country faces significant educational sys-
tem challenges such as large class sizes and unfavourable 
teacher-pupil ratios, which make the classes unmanageable 
[3, 5]. The situation is more critical in resource-limited rural 
areas, where the teacher-pupil ratio is as extreme as 1:133 
[6]. These limitations make it difficult for teachers to pro-
vide effective individualised instructions and personalised 
feedback to each pupil, thus impeding pupils’ performance 
in the subject. For example, in the 2022 and 2023 national 
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primary school leaving examinations, 46.72% and 51.17% 
of pupils failed mathematics, respectively [7].

1.2  Large Language Models and Social Robots

Since the advent of Large Language Models (LLMs) such 
as OpenAI’s (Chat-)GPT in late 2022, generative artifi-
cial intelligence (AI) has advanced significantly, driven by 
their remarkable breakthroughs and democratic accessibil-
ity. These models have opened doors to new realms in the 
development of interactive and engaging applications that 
would otherwise be out of reach of many. LLMs enable 
creating interactive and engaging applications with remark-
ably fluent, eloquent, and plausible human-like dialogue 
capabilities [8]. A study by Noy and Zhang has shown their 
effectiveness in boosting productivity across various indus-
tries [9].

The education sector is also witnessing a transformation 
driven by LLMs. These models demonstrate an exceptional 
ability to generate high-quality content that can match that 
of experts, even worthy of publishing in reputable journals 
[10]. Researchers are actively leveraging this potential by 
integrating LLMs into educational tools. For example, a 
study by Verheist et al. [11] successfully leverages GPT-3.5 
to help children learn a second language without any assis-
tance from a human domain expert. Similar positive cog-
nitive and affective outcomes have been observed in other 
studies exploring LLMs for various subjects and demo-
graphics [12, 13].

Despite their undeniable benefits, LLMs are virtual, lim-
iting the user experience in the physical dimension. This is 
where social robots bridge the gap, as they offer a physical 
presence that embodies the virtual content of LLMs lead-
ing to a manifestation of a physical tutor. A review of vari-
ous applications of social robots in education shows that 
the physical presence offered by social robots significantly 
enhances children’s learning [14]. Therefore, exploiting the 
synergy of LLMs and social robots is essential for maximis-
ing the impact of the two.

1.3  Research Questions

Considering the challenges facing mathematics teaching and 
learning in primary schools in Tanzania and the advances 
in LLMs, this study explores the potential of developing a 
Swahili-speaking social robot powered by an LLM. Swa-
hili, Tanzania’s national language and primary medium of 
instruction in public primary schools, is considered a low-
resource language with limited training data for LLMs [15]. 
Specifically, in CommonCrawl –which provides the train-
ing data for GPT models – Swahili makes up only 0.0080% 
of training data [16]. Therefore, we aim to assess whether 

and how the current state of LLMs (particularly GPT-3.5, 
the LLM under study here) can generate sufficient learn-
ing content in Swahili to achieve the anticipated educational 
impact. This will provide valuable insights to researchers 
in similar low-resource contexts. Thus, this study seeks to 
answer the following research questions: 

i.	 How can LLMs be adapted to generate reliable Swahili-
language tutoring interactions for a social robot in Tan-
zanian primary schools?

ii.	 Does tutoring delivered by an LLM-powered social 
robot after classroom instruction lead to improvements 
in pupils’ understanding of a mathematics topic?

iii.	 How do Tanzanian primary school pupils perceive a 
social robot as their mathematics tutor?

2  Methods

2.1  Study Context

The study was conducted in the United Republic of Tan-
zania, involving five public primary schools. We purposely 
chose to run our study in public (government-funded) 
schools rather than private schools due to their aforemen-
tioned critical conditions, which offered an ideal test ground 
for piloting a social robot as a tutor. Moreover, 89.2% of pri-
mary schools in the country are public schools, with private 
schools constituting the minority [17]. Two schools were 
in the Dar es Salaam region, the commercial metropole of 
Tanzania, representing a best-case scenario environment for 
the experiment and prospects. The remaining three schools 
were in the Morogoro region, which has a mix of urban 
and rural settings [18], offering a diverse perspective to the 
study in terms of reception and prospects of our interven-
tion. In Dar es Salaam, both schools were in the Ubungo 
district (urban), while in Morogoro, one school was in the 
Morogoro Municipal (urban) and the other two were in the 
Mvomero district (rural).

2.2  Subject and Topic of Intervention

The social robot was customised to tutor mathematics. 
Specifically, the topic of choice was “The Place Value of 
Digits in Whole Numbers.” This topic is part of a bigger 
topic of Whole Numbers, and it is pivotal in equipping a 
learner with the foundations for reading, comparing, and 
performing arithmetic operations on whole numbers, mak-
ing it crucial in understanding other more complex topics 
[19, 20]. We also chose this topic because of the minimal 
prior knowledge required to learn it, which is just being able 
to identify the digits 0–9. We placed considerable weight on 
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the prerequisite mathematical concepts a pupil must have 
mastered to effectively learn a topic, as gaps in these prereq-
uisites could introduce extraneous variables and influence 
the findings. [21].

2.3  Contextualising the Social Robot as a Tutor

The system architecture comprised of three subsystems 
working together to provide the Swahili-speaking social 
robot mathematics tutor. These subsystems, as can be seen 
in Fig. 1, are the server-side, the client-side, and the Aldeba-
ran NAO robot. 

2.3.1  The Server-Side

Computationally demanding processes ran server-side. The 
server dealt with the program logic behind the robot tutor 
by processing all the data and providing the final content. It 
also managed what was being presented on the client-side 
subsystem. Python 3.11.5 served as the core programming 
language to control the system logic. The system randomly 
generated two numbers at runtime, which were used as 
examples during the topic’s introduction to the pupils. The 
first example was a three-digit number, demonstrating place 
values of “ones”, “tens”, and “hundreds”. The second exam-
ple had a number with four digits, introducing the maximum 
place value of “thousands”. These were consecutively used 
to enable gradual learning.

Additionally, a function was created to generate exercises 
for pupils to try out after the robot introduced the topic. 
This aimed to (1) determine whether the learner had under-
stood the topic, and (2) offer personalised feedback. The 

feedback included praise for correct answers and clarifica-
tion with encouragement for incorrect answers, following 
advice from Koenka and Anderman [22], who emphasise 
the importance of personalised feedback in children’s learn-
ing. For each question, the system drew a random number 
with four unique digits and selected one of the digits in the 
number to be used as a case for the pupil to identify its place 
value in the number. This ensured a virtually limitless varia-
tion of exercises.

For the introduction, narration of the questions, and pro-
vision of dynamic personalised feedback, we used Ope-
nAI’s GPT-3.5 API (engine: gpt-3.5-turbo-instruct) as our 
LLM of choice. GPT-3.5 has proven successful in similar 
settings and can interpret and generate Swahili content [15]. 
In contrast to classical Natural Language Processing (NLP) 
approaches that typically rely on predefined dialogue trees 
or handcrafted rules, the use of an LLM enabled flexible 
generation of context-aware explanations and personalised 
feedback based on pupils’ responses. Furthermore, as LLMs 
were increasingly being explored in educational and con-
versational applications, we aimed to evaluate their feasibil-
ity for generating conversational mathematics content in a 
low-resource language such as Swahili.

In the prompts, we added contextual information to make 
the interactions more personalised and meaningful [23], 
and to control the theme and scope [24]. These contextual 
variables included the tutor’s (NAO robot) name, Asha – 
which is a common female name in Tanzania; the tutor’s 
title, “mwalimu”, which is a Swahili word for tutor; the 
pupil’s name; the pupil’s age; the language for the interac-
tion – Swahili; and the purpose of the interaction (in Swa-
hili), which translates to – “to learn about the place value 

Fig. 1  System architecture 
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of digits in whole numbers”; and the locale – Tanzania. This 
ensures relevant and contextualised content.

However, after a few lab trials, we discovered that the 
output provided by GPT-3.5 sometimes used incorrect Swa-
hili terminologies. For example, in the “ones” place value, 
it frequently used the word “kitengo”, which translates as 
unit (in the context of a department/section), whereas the 
right Swahili word is “mamoja”. This was also hinted at in a 
study by Panda and Kaur [25], that sometimes GPT-3.5 has 
a limited understanding of domain-specific jargon, which 
can result in incorrect responses. To remedy this, we created 
a custom English-to-Swahili dictionary (key-value pair) 
with contextualised translations of all the crucial terminolo-
gies, including the place value of digits and the right-left 
method of identifying them. While this limitation has been 
partially addressed in later GPT models, it remains signifi-
cant in smaller models, particularly those deployed on local 
hardware, where additional measures are required to ensure 
context-appropriate terminology.

Finally, the dictionary and the contextual variables were 
both embedded in the prompts. The system utilised four 
types of prompts: (1) introduction prompt, the output of 
which was an introduction of the topic, stating the name, 
relevance, and real-world application of the topic, using 
the two generated examples for illustrations; (2) question 
prompt, which provided the textual narrative for the ques-
tion to be attempted; (3) positive feedback prompt, whose 
output was a personalised praise when the pupil got a ques-
tion right; and (4) encouragement prompt, whose output 
was a personalised encouragement and explanation when 
the pupil got the question wrong.

In addition, Microsoft Azure Speech services (Text-to-
Speech) were used to convert the textual output generated 
by the LLM to a speech delivered by the robot. We selected 

a Tanzanian Swahili-speaking voice to be used when ren-
dering the speech. This completed our transformation of the 
robot into an intelligent Swahili-speaking robot tutor.

2.3.2  The Client-Side

The client-side subsystem served as the interactive interface 
between the pupils and the robot tutor, functioning as a digi-
tal blackboard where visual illustrations and exercises were 
displayed. It consisted of a touchscreen application running 
on a computer, enabling pupils to interact with the system in 
a tablet-like manner.

The application was developed using version 2.2.1 of 
the Kivy Python framework. Dynamic content, including 
examples and questions, was generated by the server-side 
subsystem and rendered on the application interface. The 
server also triggered the feedback displayed after a pupil 
attempted an exercise.

Following the robot’s narrated introduction to the topic, 
pupils could proceed through the tutoring session by inter-
acting with on-screen buttons labeled Endelea (“continue”) 
and Inatosha (“I am done”). Selecting Endelea prompted 
the server to generate a new question asking the pupil to 
identify the place value of a digit in a number. The question 
was then displayed together with multiple-choice answers 
in Swahili corresponding to the place values.

Upon selecting an answer, pupils received immedi-
ate feedback from the NAO robot. Correct answers were 
acknowledged with praise, while incorrect responses trig-
gered encouraging narration accompanied by a visual 
breakdown of the number into its respective place values to 
support understanding. Pupils could then continue attempt-
ing additional questions or end the session at any time (Fig. 
2). 

2.3.3  The NAO Robot

The NAO robot, programmed using Python 2.7.18 with 
built-in Naoqi modules, completed our setup by realising 
the physical embodiment of an intelligent AI-powered tutor. 
The NAO robot, acting as a tutor, rendered the speech that 
introduced the course, narrated the questions, and provided 
feedback, as relayed to it from the server-side. It also pro-
vided cues for the pupils to respond through the applica-
tion’s interface on the client-side.

2.4  The Experiment

The experiment was conducted at one school at a time from 
January to March, 2024. The targeted pupils were those 
in the third and fourth grades, often aged 9 and 10 years, 
respectively, as they are the ones who learn the topic with 

Fig. 2  A pupil doing an exercise during the session
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the ceiling of place values being thousands. In each school, 
six pupils were randomly selected to participate in the study, 
three coming from each grade.

2.4.1  Experimental Procedure

We started by having the pupils fill in their demographic 
information in a questionnaire. Then, they were individu-
ally administered a pre-test on the topic. In the pre-test, 
pupils were first required to write down digits 0–9 (as a 
basic screening task to ensure that they were familiar with 
numerals before proceeding to the place value assessment), 
followed by ten standard questions on identifying place–
e.g., what is the place value of 3 in 1324?. The pre-test was 
meant to assess their knowledge before the intervention. 
And, because the topic had already been covered in class 
by their teachers, the pre-test score gave us the baseline for 
the learning attained from a human teacher, and a point of 
reflection for the improvements following being tutored by 
the NAO robot.

Thereafter, each pupil participated in an individual ses-
sion with the NAO robot, where it introduced itself using 
its Swahili identity, introduced the topic, and guided them 
through a series of exercises and personalised feedback. 
Each pupil was required to attempt at least five exercises 
during the session, but they could do more as our system 
could generate limitless variations.

Following the session, the pupils completed a post-test 
with similar questions to the pre-test to assess their under-
standing after the intervention. Both the pre- and post-tests 
were graded by their teachers.

2.4.2  Qualitative Feedback

Subsequently, we conducted focus group discussions with 
the pupils (Fig. 3) to gather their views on the entire expe-
rience of having NAO as their tutor. In each school, the 

focus group discussion was conducted immediately after 
the post-test. 

2.5  Study Participants

We recruited 30 pupils, however, results of four pupils could 
not be used due to technical difficulties during the experi-
ments (described in 3.3), leaving 26 results for analysis. As 
presented in Fig. 4, the age of the pupils who participated 
in the study ranged between 8 and 13 years, the majority 
being 9 years old (46%), followed by 10-year-olds (27%). 
Contextually, the wide age range can be attributed to vari-
ous socio-economic factors in Tanzania, leading to children 
not being enrolled in primary schools at the recommended 
starting age of 7. Additionally, some pupils have to repeat a 
grade due to unsatisfactory academic development [26, 27]. 
Fifty-four percent (54%) of the pupils were in the fourth 

Fig. 4  Pupil’s age 

Fig. 3  Focus group discussion with the pupils
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grade, and the rest were in the third grade. Also, 58% of the 
pupils were females, while 42% were males. 

2.6  Analysis

For the test scores, a Shapiro-Wilk test was performed and 
showed that the distribution of the scores in the pre- and 
post-tests departed significantly from a normal distribution 
(p < 0.05). Therefore, we used the Wilcoxon signed-rank 
test to determine whether there was a significant difference 
between the pupils’ results in the pre- and post-tests. The 
data from the focus group discussions were thematically ana-
lysed to identify the collective themes from pupils’ views. 
The pupils’ demographic data were analysed descriptively.

3  Results

3.1  NAO Tutoring the Mathematics Topic

3.1.1  Excerpts from NAO’s Tutoring

The NAO robot, powered by GPT-3.5, autonomously tutored 
the pupils without the need for intervention by an opera-
tor. It began by introducing the topic, followed by exercises 
and personalised feedback. In this section, we provide two 
examples of each, translated from the original Swahili. The 
names Neema (female) and Baraka (male) have been used 
to ensure anonymity while preserving the original meaning. 
These excerpts illustrate the type of interaction delivered 
during the intervention.

Introduction 1:“Hi Baraka! Welcome to our math class. 
Today we are learning about the place value of digits in 
whole numbers. This is very important as it will help you 
understand how numbers work and how to organise them. 
As you can see in your table, in the number 607, digit 7 is 
in the ones place, digit 0 is in the tens place, and digit 6 is 
in the hundreds place. Likewise, in the number 2,179, digit 
9 is in the ones place, digit 7 is in the tens place, digit 1 is 
in the hundreds place, and digit 2 is in the thousands place. 
Remember to always use the counting method starting from 
the right-hand side to the left to be able to know the place 
value of the digits in the number. For more examples, click 
the word ‘Continue’. I hope you enjoy our class and learn 
a lot!”

Introduction 2: “Hello Neema, my name is Ms. Asha and 
I am your tutor. Today we will learn about the place value 
of digits in whole numbers. This is very important because 
it will help you understand whole numbers and count accu-
rately. As you can see on your screen, in the first example, 
we have the number 830. In this number, 0 is in the ones 
place, 3 is in the tens place, and 8 is in the hundreds place. 

For the second example, we have the number 4,793. Here, 
3 is in the ones place, 9 is in the tens place, 7 is in the hun-
dreds place, and 4 is in the thousands place. Remember to 
always use the counting method from right to left. This will 
help you place each digit in the correct position. So now, 
click ‘Continue’ for more examples and remember to use the 
table to list the value of the digits in whole numbers.”

Question 1: “Remember to carefully consider the place 
value of the digit 8 in the number 7,738. You can choose 
between “Ones,” “Tens,” “Hundreds,” or “Thousands.” 
Please use the counting method from right to left. Baraka, 
you can succeed, please choose the correct answer.”

Question 2: “Find the place value of the digit 5 in the 
number 5,723. Choose the correct answer: “Hundreds,” 
“Thousands,” “Tens,” or “Ones.” Remember to count from 
right to left. Continue with more examples in the table.”

Positive feedback 1: “Hello Neema! I’m glad you were 
able to find the correct answer to my question. Let’s always 
remember to use the place value of digits to count whole 
numbers. You can click ‘Continue’ or ‘Done’ if you have fin-
ished learning for today. Thank you!”

Positive feedback 2: “God bless you, Baraka! You chose 
‘ones’, which is the place value of 8 in the number 7738. You 
have understood the topic well. Click ‘Continue’ for more 
questions or ‘Done’ if you’re finished for today. Welcome 
again!”

Negative feedback 1: “I’m sorry, Baraka! The place 
value of 3 in the number 6,683 is ‘ones.’ You should use the 
counting method from right to left. You may also refer to the 
table on the screen. You can click ‘Continue’ for more ques-
tions or ‘Done’ if you’re done. Welcome to learn more about 
the place value of digits in whole numbers, Baraka.”

Negative feedback 2: “Neema, you were to find the place 
value of 5, in the number 4,857. However, you answered 
‘thousands’. The value of 5 is in the ‘tens’ place. You can see 
this by comparing it to the table on your screen which shows 
the correct value of the digit in the number, counting from 
right to left. Do not use any other method.”

Moreover, from our observation, there was at times mis-
pronunciation of words, specifically, the Swahili word for 
‘Value’, which is ‘Thamani’. The th- should be pronounced 
as in THing (phonetically θ), but NAO pronounced it dh- 
as in THAt (phonetically ). Also, there were occassional 
instances (unquantified) when the system produced seman-
tically incorrect and/or incomprehensible output.

3.1.2  Quantitative Results

The study yielded a positive result for the robot tutoring. 
The NAO robot’s tutoring, exercises, and personalised 
feedback resulted in an increased learning outcome. As 
shown in Fig. 5, the mean scores significantly improved 
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from 5.39 (SD = 3.3) to 7.52 (SD = 2.9) out of 10 for the 
pre- and post-tests, respectively. The Wilcoxon signed-rank 
test with continuity correction confirms this significance 
(Z = 3.628, p-value < 0.001). Following the recommenda-
tions for non-parametric data [28], the effect size was calcu-
lated as r = Z√

N
, where N  is the number of non-zero paired 

differences used to compute the Z statistic. A large effect 
size (r = 0.88) was observed, indicating a robust impact of 
robot tutoring on pupils’ performance. 

Note that the pupils had received a lesson on the same 
topic in class prior to being tutored by the robot. As such, 
the results reported here reflect the improvement observed 
after the additional tutoring session with the robot.

3.2  Pupils’ Feedback from the Experience

3.2.1  Reflection on their Interaction with NAO as their 
Tutor

Prior to the experiment, we assessed the pupils’ knowledge 
of the concepts of AI and social robots. Only 8% of the 
pupils had heard of AI, and 15% were familiar with social 
robots, mainly through media such as movies, television, 
and cartoons. For all pupils, this was their first real-life 
experience interacting with a social robot.

In the focus group discussion conducted after the inter-
vention, pupils expressed overwhelmingly positive feel-
ings towards the NAO robot. Their comments primarily 
highlighted its friendliness, tutoring ability, and clear 

explanations. Common responses included: “It is friendly”, 
“it is knowledgeable”, “it knows how to teach”, “it has a 
nice voice”, “it gives a lot of examples”, and “it is beautiful 
– nice shape and colour”.

Regarding the perceived learning support, pupils affirmed 
that the NAO robot helped them understand the topic bet-
ter. They commended its consistent emphasis on using the 
right-hand side to left-hand side counting method when 
determining place values. Some of their quotes were:

“It helped me understand the topic because it explained 
in a friendly way and provided many examples.”

“Yes, I understood because it constantly insisted that I 
count the place values from the right-hand side to the left.”

When discussing NAO’s role in the learning process, all 
pupils preferred its style to be that of a tutor rather than a 
peer or novice. The majority (85%) favoured a friendly tutor 
personality. However, for the few who suggested it to be 
strict, interesting reasons were provided, such as:

“If it is too friendly some pupils will not do their exercises 
and homework.”

“Some pupils might play with it instead of learning.”
A few pupils even proposed that the robot should be able 

to punish the pupils in case of laziness and misconduct. This 
can be understood in the context of current pedagogical 
practice in Tanzania, where classroom management is strict 
and assertive, with corporal punishment still being prevalent 
in primary schools [29].

Fig. 5  Pre- and post-test scores
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3.2.2  Other Topics and Subjects that the NAO Robot Should 
Tutor

The pupils were asked to mention other mathematics top-
ics or skills they would like the NAO robot to tutor them. 
Arithmetic and solving word problems were proposed by 
the majority. Also, when asked to propose other subjects 
they would like the NAO robot to tutor them, English was 
the most proposed subject, followed by Swahili and Social 
Studies.

3.3  Implementation Challenges

Although to a large extent the experiment was conducted 
successfully, several situational and infrastructural chal-
lenges were observed during implementation in the schools. 
Firstly, none of the schools had internet infrastructure 
installed; therefore, we had to rely on mobile hotspots. 
Nevertheless, while connectivity was sufficient in urban 
schools, it was unstable in rural schools. Secondly, conver-
sational latency–further affected by unstable connections–
made the interaction less natural. Lastly, in one school we 
experienced electricity outages that directly affected the 
implementation. As a result of these challenges, four pupils 
were excluded because they were unable to complete their 
sessions successfully. These challenges and practical con-
siderations are discussed in detail in [30].

4  Discussion

4.1  Awareness of AI and Social Robots Among 
Pupils in Public Primary Schools

The results highlight a general lack of awareness regard-
ing AI and social robots among pupils in Tanzanian public 
primary schools. This suggests limited exposure to these 
technologies in their educational or home environments. 
This aligns with existing literature on the technology gap 
in Tanzania and the insufficient utilisation of technology 
in education [31]. Moreover, most of the studies and inter-
ventions related to social robots and human-robot inter-
action are based in Europe, Asia, and North America, as 
compared to Africa [14, 32, 33]. In addition, most of the 
AI-based research in Africa is geared towards Agriculture, 
Healthcare, and FinTech [34]. This underscores a significant 
opportunity for research and the use of AI and social robots 
to improve the education sector in Tanzania.

4.2  NAO Robot as a Swahili-Speaking Mathematics 
Tutor

4.2.1  The Use of a Custom Dictionary and Contextual 
Information

Swahili is a low-resource language, with fewer datasets 
available for training LLMs as compared to more widely 
used languages. Moreover, GPT-3.5 still exhibits notable 
limitations when processing Swahili [15]. This surfaced 
vividly in our study, as despite our efforts, content genera-
tion still occasionally resulted in incorrect or nonsensical 
outputs.

However, in the case of the wrong use of terminolo-
gies, our approach of embedding a custom English-Swahili 
dictionary containing context-specific translations for cru-
cial terms related to the topic proved effective in ensuring 
accurate terminology use in the generated content. Refining 
prompts to better fit the context and to yield an output more 
fitting and specific to one’s intentions has also proven effec-
tive in similar studies [35, 36].

In a similar vein, including contextual information such 
as the name and age of the pupil made the interaction more 
personalised and age-appropriate, as can be seen in the 
examples provided in 3.1.1. This affirms the findings in a 
study by Baxter et al. [23]. Moreover, providing the NAO 
robot’s name also made the introduction more friendly and 
natural as practised by human teachers, where they intro-
duce themselves on the first encounter to create rapport. 
Interestingly, adding the country information, Tanzania, 
led the LLM to adopt a more culturally relevant tone, even 
using the Swahili phrase “Mungu akubariki” (God bless 
you) (see positive feedback 2 in 3.1.1). Phrases related to 
God are deeply woven into Tanzanian culture and are com-
monly used in various scenarios and circumstances that are 
not necessarily related to religion [37–39]. The cultural rel-
evance of the contextual information to refine prompts rein-
forces their effectiveness.

4.2.2  Personalised Feedback and the Robot as a Remedial 
Tutor

The findings also reveal that the NAO robot provided per-
sonalised feedback to the learners. It consistently addressed 
pupils by their names, and provided tailored corrections and 
encouragement in response to incorrect answers. In view of 
future applications of educational social robotics, this may 
help address challenges associated with providing person-
alised feedback in large classes during normal classroom 
sessions. The robot may therefore complement classroom 
instruction, particularly for learners who require additional 
support. This interpretation is supported by the observed 
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increase in mean post-test scores, along with a reduction in 
the standard deviation, suggesting not only improved per-
formance but also more consistent understanding across 
pupils.

The findings also highlighted several situational and 
infrastructural challenges that need to be rectified for 
smooth deployment of robots in schools. However, these 
aspects have been discussed in detail in [30] and are there-
fore not elaborated further here.

4.2.3  Friendly Vs Strict NAO’s Personalities

Our study utilised a friendly and engaging NAO personality, 
which included the use of the pupil’s name, applause, and 
encouragement. Knowing that it was talking to a child who 
wants to learn also made the robot supportive and consider-
ate. While this yielded positive results in the experiment, 
we obtained cautious remarks from the pupils in the qualita-
tive part of the study. They alerted us that the over-friendly 
nature of the NAO robot (the tutor) could negatively affect 
learning as it might impair the seriousness and concentra-
tion of some learners. Their suggestions are in line with the 
findings by Kennedy, Baxter, and Belpaeme [40], where an 
asocial robot was more effective than a social one. Thus, for 
maximum impact, it might be crucial to balance these per-
sonalities and have them adaptive according to the learner.

4.3  Cognitive Learning Gains and Tutoring Methods

The study indicates that the use of the NAO robot as a math-
ematics tutor following classroom instruction was associ-
ated with improved pupil understanding of the topic. The 
observed effect size (r =0.88) indicates a substantial prac-
tical improvement in performance, suggesting that the 
intervention had a meaningful educational impact beyond 
statistical significance. These findings are consistent with 
previous studies conducted in other contexts [14, 40, 41]. 
From the pupils’ perspectives, the elements that attributed 
to the observed improvement were the NAO robot’s use of 
sufficient examples, tailored feedback when they got a ques-
tion wrong, calm voice, appealing physical appearance, and 
overall considerate personality. Thus, these attributes, when 
embodied cautiously, might help other similar interventions 
to achieve a positive cognitive learning impact.

5  Conclusion, Limitations, and Future Work

The study set out to explore the use of an LLM-powered 
Swahili-speaking NAO robot as a Mathematics tutor fol-
lowing classroom lesson by a human teacher in Tanzanian 

Primary schools. The findings provide answers to the three 
research questions. 

i.	 Adapting LLMs for Swahili primary school math 
tutoring in Tanzania: The study demonstrates that 
LLMs (and specifically GPT-3.5 and later versions) can 
be leveraged to create educational content for Mathe-
matics in Tanzania in the Swahili language, despite it 
being a low-resource language for LLM training. How-
ever, the model still needs assistance to ensure the use 
of correct terminologies and jargon specific to the topic. 
Thus, incorporating a custom dictionary and contextual 
information is crucial.

ii.	 Improvements in pupils’ understanding of the math 
topic: The intervention was associated with improved 
pupils’ understanding of place values, as reflected in the 
significant increase in pre- and post-test scores. These 
findings indicate that a robot tutor can support learn-
ing after classroom instruction. Furthemore, the results 
highlight the potential of robots acting as remedial 
tutors, offering one-on-one personalised tutoring.

iii.	 Pupils’ perception of NAO as a tutor: Pupils unani-
mously expressed positive feedback regarding NAO’s 
role as a tutor. They appreciated its friendly demeanor, 
clear explanations, and personalised feedback. Addi-
tionally, they expressed interest in having NAO as their 
tutor in other topics and subjects.

While the pilot study was successful and the focus group 
discussions illuminating, we acknowledge that the views 
and performances of 26 pupils from 5 schools do not suffice 
to draw conclusions for a country with more than 19,000 
schools [17] and great demographic and cultural diversity. 
As this was a proof-of-concept study, these findings should 
be interpreted as exploratory evidence from a limited 
deployment rather than as broadly generalisable results. For 
generalisability, we recommend a broader study or one that 
tests similar parameters in a different demographic setting 
in the country and refer the reader to a follow-up study [42].

Moreover, studies should be conducted with a focus on 
other topics and subjects, some of which were proposed by 
the pupils. Exploring different robot behaviours/personas 
could also yield interesting results. As for adapting LLMs 
(such as GPT-3.5, later versions, and especially edge-run 
LLMs) to better suit the Tanzanian context and the Swahili 
language, further experiments should be conducted to detect 
and analyse errors in the generated output and to enrich the 
training data.

Additionally, the significant cognitive and affective ben-
efits our study demonstrated were obtained in brief one-time 
sessions. Research should be conducted to examine if this 
impact is sustained over prolonged periods of exercises and 
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for tasks with varying complexity. This is stressed in a recent 
cross-cultural and socio-economic study, where pupils from 
comparatively lower socio-economic backgrounds dis-
played more positive attitudes during a robot intervention, 
but the effects diminished more quickly afterwards [43]. The 
study highlights the need for longer-term investigations, as 
the improvements observed in our study may partly be influ-
enced by a novelty effect associated with the introduction of 
a social robot in Tanzanian school settings.

Finally, Seaborn et al. [44] address the over-reliance 
on WEIRD (Western, Educated, Industrialised, Rich, and 
Democratic) populations in Human-Robot Interaction 
(HRI) research, which has limited the generalisability of 
findings across diverse cultural contexts. Our research is 
one of few using HRI in a non-WEIRD context, helping to 
create a more comprehensive understanding of how differ-
ent cultural backgrounds potentially influence interactions 
with robots.
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