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Abstract

    Chatbot technology can be an important tool and supplement to education, leading to explorations in this area. Corpus-based 
chatbot building has a relatively low entry barrier as it only requires a relevant corpus to train a chatbot engine. The corpus is a set 
of human-readable questions and answers and may be an amalgamation of existing corpora. However, a suitable chemistry-based 
chatbot corpus catering for a freshman general chemistry course addressing inorganic and physical chemistry has not been devel-
oped. In this study, we present a basic chemistry conversational corpus consisting of 998 pairs of questions and answers, focused on 
a freshman general chemistry course addressing inorganic and physical chemistry. Ten human raters evaluated the responses of a 
chatbot trained on the corpus and suggests that the corpus resulted in better response than random (t = 17.4, p-value = 1.86E-53). 
However, only 20 of the 50 test questions show better responses compared to random (difference in mean score ≥ 1.9, paired t-test 
p-value ≤ 0.0324), suggesting that the corpus provides better responses to certain questions rather than overall better responses, 
with questions related to definitions and computational procedures answered more accurately. Hence, this provides a baseline for 
future corpora development.
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Chatbot can be defined as a computer program that mimics hu-
man conversation [1] and has its roots in Turing Test [2]. In recent 
years, chatbots have been used in a variety of fields [3]; such as 
commerce [4], healthcare [5], and education [6-9]; especially dur-
ing COVID-19 pandemic as a means to deliver services [10-12]. 
Fonna and Widyantoro [13] found that chatbots incorporated into 
tutorials can supplement pharmacology education. Kovacek and 
Chow [14] presented a chatbot catering to radiation safety educa-
tion. Several studies also pointed to favourable student learning 
outcomes when chatbot are deployed to teaching and learning. 
For example, Atmosukarto., et al. [15] showed that by incorporat-
ing chatbot to an online chemistry course, course completion rate 
can be improved as the chatbot can cater to student’s on-demand 
query needs, as compared to the limited online presence of a hu-
man tutor. Chatbots could also be used as a preparatory resource 
to complement online courses to augment learners’ readiness for 
high-stakes assessment [16]. The interactive affordance and im-
mediate feedback features provided by chatbots also facilitate self-
directed learning and self-evaluation [17].

Of the 6 paradigms of chatbot building classified by Luo., et al. 
[3]; namely, template-based, corpus-based, intent-based, recurrent 
neural network-based, reinforcement learning-based, and hybrid; 
corpus-based appears to be the easiest and most flexible. A chat 
corpus can be built from existing questions and answers pair and 
corpus-based paradigm will allow a new chatbot to be implement-
ed by retraining it on a new conversational corpus [18,19], which 
had been successfully demonstrated [20-22]. Another important 
advantage is that a corpus can be incrementally built or amalgama-
tion of existing corpora. Hence, a chatbot can be considered as a 
chatbot engine (which can be defined as a software component that 
accepts a natural human language input, processes, and respond 
with an output in a natural human language [23]) trained on a cor-
pus. Therefore, the advancement of chatbot technology and use 
cases can be the parallel track of advancement of chatbot engine 
technology, and the advancement of corpus.

In this study, we present a basic chemistry conversational cor-
pus of 998 pairs of questions and answers, focused on a tertiary-
level freshman inorganic and physical chemistry course; as such 
a corpus has not been widely developed. Ten human raters were 
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used to evaluate the responses of a chatbot trained on the corpus 
and suggests that the corpus resulted in better response than ran-
dom (t = 17.4, p-value = 1.86E-53). Hence, this provides a baseline 
for future corpora development. 

Materials and Methods
Corpus development

A conversational chemistry corpus, with contents based on 
a freshman general chemistry course addressing inorganic and 
physical chemistry was built from existing frequently asked ques-
tions (FAQs). Senior year students and faculty members were asked 
to contribute questions and answers related to the course. These 
questions and answers were converted into YAML format (https://
yaml.org/).

Corpus testing

The corpus was used to train a chatbot, which was built on 
Chatterbot (https://chatterbot.readthedocs.io) [23] and known as 
ChemBot. An untrained chatbot, known as DumbBot, was used for 
comparison. A set of 50 questions were posed to both ChemBot and 
DumbBot and each of the replies were evaluated by 10 human rat-
ers for quality [24]. The 50 questions were sourced from the 10 hu-
man raters to represent questions that may be asked by freshmen. 
The overall mean scores, mean scores by raters, and mean scores 
by questions were evaluated as mean scores is the most common 
metric of academic performance [25,26]. 

Statistical analysis
T-test assuming unequal variance was used to compare the mean 

scores between ChemBot and DumbBot. 1-way ANOVA was used to 
compare mean scores between the raters and between questions. 
Paired t-test was used to compare the mean scores, which were 
paired by question or by rater. A p-value of less than 0.05 was sta-
tistically significant.

Results and Discussion
Corpus improves chatbot responses

A total of 998 pairs of questions and answers were compiled as 
corpus, which was then evaluated by comparing a trained chatbot 
(ChemBot) against an untrained chatbot (DumbBot). Each of the 10 
raters scored the replies from both ChemBot and DumbBot on 50 
questions. Mean scores were obtained by aggregating scores of the 
50 questions per rater across the 10 raters (giving a total of 500 
scores). Table 1 presents the mean score and standard error rated 
on ChemBot and DumbBot.

The mean score of ChemBot is 3.75 with standard error of 0.158 
while the mean score of DumbBot is 1.01 with standard error of 
0.004, the difference of which is statistically significant using t-

test assuming unequal variances (t = 17.4, p-value = 1.86E-53). 
This suggests that the developed corpus improves the response of 
ChemBot when compared to DumbBot, which is supported by pre-
vious studies [19,21,27-29] and is the fundamental motivation for 
corpus development [20,30].

Comparable scores by each ratter on chembot
Of the 10 raters, rater R8 is the only chemistry lecturer (last au-

thor) with the rest being students. The mean score of ChemBot (n 
= 50) by each rater ranged from 3.24 with standard error of 0.504 
(by rater R8) to 4.20 with standard error of 0.481 (by rater R6). 
Although the scoring between rater R6 and R8 is significant on 
paired t-test as paired by questions (p-value = 9.73E-3); the cor-
relation of scores given by rater R6 and R8 is 0.738, which is higher 
than that between rater R1 and R8 (see Figure 1). Interestingly, 
paired t-test suggests that the scores given by rater R1 and R8 is 
not significant (p-value = 0.144) despite having the lowest correla-
tion. 2-samples t-test assuming unequal variances between rater 
R1 and R8 (p-value = 0.416) and between rater R6 and R8 (p-value 
0.171) are not significant. This is supported by 1-way ANOVA sug-
gesting no significance in the mean scores across all raters (Figure 
2; F = 0.238, p-value = 0.989). For DumbBot, 1-way ANOVA also 
suggests no significance in the mean scores across all raters (Fig-
ure 2; F = 1.235, p-value = 0.271).

ChemBot DumbBot
Mean score 3.75 1.01

Standard error 0.158 0.004

Table 1: Descriptive statistics for answer accuracy for ChemBot 
and DumbBot.

Figure 1: Correlation matrix between raters.
The minimum Pearson’s correlation coefficient is 0.706 (n = 50,  

t = 6.907, p-value = 1.021E-8) between R8 and R1. The minimum 
correlation among student raters (R8 is a lecturer) is 0.774 

 (n = 50, t = 8.469, p-value = 4.346E-11).
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Figure 2: Mean scores by each ratter
The error bars denote standard errors.

After removing rater R8, the mean score of ChemBot (n = 50) by 
each student rater ranged from 3.62 with standard error of 0.523 
(by rater R2) to 4.20 with standard error of 0.481 (by rater R6). 

Question ChemBot Mean Score ChemBot Median DumbBot Mean Score
Q1. What is the electronic configuration of nitrogen? * 5.50 (0.992) 7.5 1.00 (0.000)

Q2. What are the forces between ammonia? 1.70 (0.616) 1.0 1.00 (0.000)
Q3. Why do Protons only exist in the nucleus? * 3.60 (0.653) 5.0 1.00 (0.000)

Q4. Why are ionic bonds the strongest bond? 2.10 (0.737) 1.0 1.00 (0.000)
Q5. What are orbitals? * 3.90 (0.936) 3.5 1.00 (0.000)

Q6. How to calculate pH of a solution? 1.40 (0.267 1.0 1.00 (0.000)
Q7. What are the bonds present in a covalent bonding? 1.00 (0.000) 1.0 1.00 (0.000)

Q8. What is hydrogen bonding? 2.00 (0.516) 1.0 1.00 (0.000)
Q9. Why do ionic compounds have a high boiling point? * 8.50 (0.307) 8.0 1.00 (0.000)

Q10. Why are some acids strong and some are weak 
acid?

1.30 (0.213) 1.0 1.00 (0.000)

Q11. Why water have hydrogen bonding? 1.00 (0.000) 1.0 1.00 (0.000)
Q12. What is the classical method of naming com-

pounds?
1.60 (0.499) 1.0 1.00 (0.000)

Q13. What is the equilibrium constant? * 8.60 (0.600) 9.0 1.00 (0.000)
Q14. What is ionic equilibrium? 2.20 (0.727) 1.0 1.00 (0.000)

Q15. How to calculate molarity? * 8.70 (0.335) 8.5 1.00 (0.000)
Q16. What are the different types of bonding forces? 1.50 (0.342) 1.0 1.00 (0.000)

Q17. What is a buffer solution? 1.20 (0.133) 1.0 1.00 (0.000)
Q18. How do I make a buffer solution? 1.00 (0.000) 1.0 1.00 (0.000)

Q19. What is equilibrium? * 8.40 (0.221) 8.5 1.00 (0.000)
Q20. How to find dilution factor? * 7.60 (0.542) 8.0 1.00 (0.000)

Q21. How to calculate mol? 1.20 (0.133) 1.0 1.00 (0.000)
Q22. What is atomic mass? 2.90 (0.752) 2.0 1.00 (0.000)

Q23. What is atomic weight? 1.00 (0.000) 1.0 1.00 (0.000)
Q24. What is molecular weight? 1.00 (0.000) 1.0 1.00 (0.000)

Q25. What is formula weight? 1.00 (0.000) 1.0 1.00 (0.000)
Q26. How to calculate percentage composition? * 9.10 (0.233) 9.0 1.00 (0.000)

Q27. What is the Avogadro’s number? 1.00 (0.000) 1.0 1.00 (0.000)
Q28. What is molar mass? * 8.50 (0.543) 9.0 1.00 (0.000)

Q29. How do I find the number of moles? * 8.30 (0.633) 9.0 1.00 (0.000)

2-samples t-test assuming unequal variances between rater R2 and 
R6 is not significant (p-value = 0.416) with 1-way ANOVA suggest-
ing no significance in the mean scores across all 9 student raters 
(Figure 2; F = 0.122, p-value = 0.998). For DumbBot, a 1-way ANO-
VA also suggests no significance in the mean scores across all raters 
(Figure 2; F = 1.200, p-value = 0.297). Taken together, the scores 
across all 10 raters are comparable.

Mean scores differ by questions
The mean score of ChemBot (n = 10) by question ranged from 

1.00 with standard error of zero for 13 questions (Questions 7, 11, 
18, 23, 24, 25, 27, 32, 33, 43, 44, 45, and 50) to 9.10 with standard 
error of 0.233 for question 26 (see Table 2 and Figures 3A to 3C). 
This is supported by 1-way ANOVA suggesting significant differ-
ences in the mean scores across questions (Figure 3; F = 59.939, 
p-value = 1.1E-166). 
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Q30. What is stoichiometry? * 8.00 (0.558) 8.5 1.00 (0.000)
Q31. What is a limiting reactant? * 8.70 (0.335) 9.0 1.00 (0.000)
Q32. What is an excess reactant? 1.00 (0.000) 1.0 1.00 (0.000)
Q33. How to find precent yield? 1.00 (0.000) 1.0 1.00 (0.000)
Q34. What is a monoprotic acid? 1.20 (0.133) 1.0 1.00 (0.000)

Q35. What is amphoteric? 1.40 (0.306) 1.0 1.00 (0.000)
Q36. What is the unit of pH? 1.50 (0.401) 1.0 1.00 (0.000)

Q37. What do pH and pOH measure? 1.10 (0.100) 1.0 1.00 (0.000)
Q38. What happens when a strong acid and a base react? 1.20 (0.200) 1.0 1.00 (0.000)

Q39. What is a conjugate base and conjugate acid? 1.20 (0.200) 1.0 1.20 (0.133)
Q40. What is buffer capacity? * 8.60 (0.306) 8.5 1.00 (0.000)

Q41. What is equivalence point? * 8.50 (0.269) 8.5 1.00 (0.000)
Q42. What is chemical kinetics? * 8.50 (0.500) 9.0 1.00 (0.000)
Q43. What is activation energy? 1.00 (0.000) 1.0 1.20 (0.133)
Q44. What does a catalyst do? 1.00 (0.000) 1.0 1.00 (0.000)

Q45. How does the temperature affect the reaction rate? 1.00 (0.000) 1.0 1.00 (0.000)
Q46. What is a reversible reaction? * 7.90 (0.458) 8.0 1.00 (0.000)

Q47. What is a dynamic equilibrium? * 7.30 (0.943) 8.0 1.00 (0.000)
Q48. What is Le Chatelier’s principle? * 8.70 (0.300) 9.0 1.00 (0.000)
Q49. Why does the equilibrium shifts? 1.10 (0.100) 1.0 1.00 (0.000)

Q50. What is a weak acid? 1.00 (0.000) 1.0 1.00 (0.000)

Table 2: Mean score by question in ChemBot and DumbBot. Standard error in brackets.

*mean scores significantly higher in ChemBot than Dumbot (paired t-test difference in mean score ≥ 1.9, p-value ≤ 0.0324).

For DumbBot, only 2 questions (Questions 39, and 43) have a 
mean score of more than zero (mean score = 1.20 with standard 
error of 0.133, see Figure 3C). Interestingly, the mean score for 
question 43 is higher in DumbBot (mean score = 1.20) than Chem-
Bot (mean score = 1.00); however, this difference is not significant 
(paired t-test p-value = 0.168).

Of the 50 questions, the mean scores of 20 questions (Questions 
1, 3, 5, 9, 13, 15, 19, 20, 22, 26, 28, 29, 30, 31, 40, 41, 42, 46, 47, and 
48) were significantly higher in ChemBot as compared to Dumb-
Bot (difference in mean score ≥ 1.9, paired t-test p-value ≤ 0.0324). 
This suggests that ChemBot provides better responses to certain 
questions rather than overall better responses, which has been pre-
viously demonstrated [31]. This is plausible as Callejas-Rodríguez., 
et al. [32] had shown that chatbot personality may be generated 
from training corpus. In general, it is also noted that ChemBot han-
dles closed-ended concepts such as direct definitions (Q40, 41 and 
42) and those related to computational procedures (such as Q15, 
26, 29) more accurately. Questions that are more diffused, demand 
more in-depth explanation (Q18, Q45), has “compare/contrast” 
requirements (Q10 and Q39) or more than one keyword (such 
as “electronic configuration” and “nitrogen” in Q1; “atomic” and 

“mass” in Q22 and Q23) are typically poorly answered. Previous 
studies have demonstrated the impact of keyword recognition in 
the accuracy of question and answer generated by chatbot applica-
tions [17].

Applications and future work
This baseline corpus could be integrated into a chatbot applica-

tion currently on trial within the institution. This application is a 
commercial solution purchased on a licence-basis and requires a 
direct feed of FAQs for training purposes. The chatbot is integrated 
with an institution-wide communications interface, the Microsoft 
Teams, on which learners could pose a question to the chatbot. In-
stead of directly providing an answer, the chatbot engine directs 
another learner in the class to provide the answer. The instructor 
could choose to rate the learner-provided answer, archive a good 
answer into the FAQ database for future use or provide a more ac-
curate response from the original database. Two clear advantages 
are apparent. One, the learner actively contributes to the learning 
of their peers, and secondly, the corpus could also be enhanced. 
Such a chatbot could then be implemented and tested in a chem-
istry course. 
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Figure 3: Mean scores across questions.
The error bars denote standard errors. Panel A shows mean scores from questions 1 to 17. Panel B shows mean scores  

from questions 18 to 34. Panel C shows mean scores from questions 35 to 50.

Conclusion
Here, we present a basic chemistry conversational corpus con-

sisting of 998 pairs of questions and answers, focused on tertiary 
year one inorganic and physical chemistry course; which was used 
to train chatbot based on Chatterbot engine and shown to generate 
better chatbot responses than untrained chatbot (t = 17.4, p-value 
= 1.86E-53). However, only 20 of the 50 test questions show better 
responses compared to random (paired t-test p-value ≤ 0.0324), 
suggesting that the corpus training results in better responses to 
certain questions rather than overall better responses. Hence, this 
study provides a baseline for future corpus development.

Supplementary Materials
Materials from this study can be downloaded at https://bit.ly/

ChemBot_1. Video showing comparative testing of ChemBot_1 and 
DumbBot can be found at https://youtu.be/tEJVRFphtLE. 
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