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1.0 Literature Review

John McCarthy, who is known to be one of the fathers of Artificial Intelligence 
(AI), defined it as "the science and engineering of making intelligent machines." AI 
is a subfield of computer science that entails creating computer programs to 
perform tasks that would otherwise require human intelligence (Saleh, 2019). 
These definitions show that computer programs can be created to inculcate and 
simulate human-kind intelligence to solve problems. Although Artificial 
Intelligence in Education (AIEd) has been around for about long years, educators 
still find it unclear how to make “pedagogical advantage” of it on a wider scale 
(Zawacki-Richter, et al., 2019). To support formal education as well as lifelong 
learning, the field investigates learning wherever it occurs, whether in traditional 
classrooms or workplaces (Luckin, et al., 2016).

The goal of AI in education is to improve educational outcomes and not the field 
of AI. To that end, the deployment of AI to handle some activities that would 
hinder educators from spending adequate time with the students could help 
achieve this purpose. A good example is personalized learning; an educator does 
not have the luxury of time to prepare a bespoke learning experience for each 
student. It would be a “wide goose chase” to saddle a teacher with such 
personalized-experience responsibility in a face-to-face (f2f) classroom setting 
or even in an online class. Such activity is unrealizable by an educator because of 
the limited time, effort, and competence/precision required. Academic 
institutions are faced with challenges such as high dropout, disengaged students 
which can be attributed to the “one-size-fits-all” learning/teaching strategy in 
the traditional classrooms (Rouhiainen, 2019). A good deployment of AI could be 
used to provide personalized learning and consequently, adequate feedback that 
would support each learner. The need to provide learners with “appropriately 
timed feedback that focuses on moving to learn forward” (Collin & Quigley, 
2021) cannot be overemphasized. As beneficial as this is, there are so many 
educators can do about it. According to Rouhiainen (2019) in Harvard Business 
Review, the University of Murcia in Spain tested an AI feedback chatbot to 
answer the students’ questions concerning their studies and campus. In the end, 
the AI tool answered 38,708 questions with 91% accuracy. Through the 
deployment of the AI tool, the school provided a plethora of timely feedback to 
students at any time wherever they are.
1 This literature review was compiled by the Educate Ventures Research team following Mutlu Cukurova’s presentation on 27 September 
2021 as part of UNESCO’s Investing AI in Improving Education Systems regional seminar. Key contributors to this review were Abayomi 
Akanji and Ibrahim Bashir Golden. Many thanks to Mahra Hilal Al Mutaiwei and Sahar El Asad from UNESCO’s Regional Center for 
Educational Planning for  inviting us to take part.
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Among others, AI in education has been leveraged to automate basic 
administration activities; act as a personal tutor to learners (Winkler & Roos, 
2019; Yu S & Lu Y, 2021); provide personalized learning/feedback; and solve 
mathematics equations (Webel & Otten, 2015). Practical examples of these are:

1. Supervised machine learning in multimodal learning analytics for 
estimating success in project-based learning.

2. Inferring students' engagement in collaborative problem solving from 
Visual cues.

3. Detecting drowsy learners at the wheel of e-learning platforms with 
multi-modal learning analytics.

1.1. Supervised machine learning in multimodal learning analytics for 
estimating success in project-based learning.

A dynamic learning environment calls for the need to implement a sophisticated 
technique like multimodal learning analytics to capture diverse types of data. 
Spikol et al. (2018) examined the utilization of different sensors with computer 
vision, user-created content, and information from the learning objects 
(hardware), to record high-fidelity real-time multimodal information of 
collaborating learners. From the data, they investigated which part of the 
subjects’ collaboration are good pointers of team success in a project-based task. 
The elements recognized from the research show that distance between 
students' hands and faces is a “strong indicator” of understudies' antique quality, 
which can demonstrate the worth of students’ collaboration. The research shows 
that a good understanding of the proxies that contribute to a successful 
collaboration could help teachers to provide timely and appropriate support to 
their students (Spikol et al., 2018).

Figure 1: University engineering students working in the PELARS environment (Spikol et al., 2018).
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Figure 2: Proposed framework for team-LSTM model for the classification task of student engagement in
 collaborative problem-solving activity (Kasparova et al., 2020)

1.2. Inferring students' engagement in collaborative problem solving from 
Visual cues.

There are issues arising with the analysis of students' collaboration in a 
face-to-face setting in education. This challenge is predicated on the complexity 
of students' interaction in real-world settings. To address this problem, 
Kasparova et al. (2020) present a novel strategy for analyzing students' 
engagement in “open-ended, face-to-face collaborative problem-solving (CPS) 
tasks” - using video data. To perform the process, the framework (i) records 
interaction among the students to detect the body key points. (ii) combines face 
recognition with a Bayesian model to identify and track students accurately and 
(iii) finally, classifies students' engagement using a Team Long Short-Term 
Memory (Team LSTM) neural network model. 

This approach provides insights into the interdependencies among the students 
during their collaborative activities. That is, Team LSTM notably improves the 
classification task accuracy compared to the baseline technique that considers 
the students' performance  individually.
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1.3. Detecting drowsy learners at the wheel of e-learning platforms with 
multi-modal learning analytics.

In face-to-face learning, educators can partially observe how well the students 
are focused and alerted. This experience is not the case in an e-learning setting. 
However, students are still expected to stay attentive and concentrated even 
while away from the other teacher and other students. This is essential because 
learners’ wakefulness contributes to their learning outcomes.

To model learners’ attentiveness, Kawamura et al. (2021) use multimodal data 
collected from heartbeat, seat pressure and face recognition.  The data are 
gathered from students in a mixed course of informatics. Three states of 
students’ attentiveness were generated: Asleep, Drowsy, and Awake.

The findings show that, unlike unimodal data, multimodal sensor data can 
increase the precision of the models predicting students’ wakefulness during 
their engagement with e-learning content. The findings also have a considerable 
implication in improving students' engagement and consequently their learning 
outcome in e-learning settings. 
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Figure 3: Generating multimodal features from every slide. Multimodal data is divided based on the time each 
slide is shown and features are calculated per slide (Kawamura et al., 2021).
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Although AI has been explored to enhance, improve, and automate some 
learning/teaching processes, educators still worry that it could take their jobs 
from them (Haw, 2019). However, several claims have been made that AI would 
rather augment teachers' capability and enhance their work (Cukurova et al., 
2019). It has also been argued that AI can help teachers reallocate 20 - 30% of 
their time towards events that support their students learning (Bryant, 2020).

In addition to the arguments about potential job losses, some scientists are 
concerned that AI is a “Pandora's Box” with disastrous consequences (Luckin et 
al., 2016). There are claims that AI would be developed to a point where it would 
no longer require human’ help to improve. To this end, the concept of 
“Singularity” was popularized. This concept proposes that they would be a period 
when technology advancement becomes unmanageable and irreversible, 
resulting in unanticipated changes in human civilization (Eden & Moor, 2012). 
Prescott (2013) asserts that the worst-case scenario according to the concept is 
that intelligent machines would replace humans in the future.

2.0. Policy Recommendations

1. All stakeholders must be involved to build evidence-informed AI in 
education.

2. AI Ethics should be followed to ensure the safety and trustworthiness of the 
system.

3. AI Literacy should be encouraged to enlighten the users of the system.

2.1. Inter-stakeholder Involvement

To create an evidence-based AI system, all stakeholders must be involved. Users 
(teachers & learners), Academic Researchers and Tech Developers are 
considered the three primary stakeholders of education technology. Cukurova, 
et al. (2019) refer to these stakeholders as the golden triangle of 
evidence-informed education technology. To this end, they assert that: those 
who build EdTech; those who use EdTech; and people who know whether EdTech 
contributes to learning/teaching - must be engaged. Frequently, teachers only 
gain "unimportant" interpretations from learning analytics (Cukurova et al., 
2021). This experience is usually due to a poor design decision (Gibson & 
Martinez-Maldonado, 2017). Because of this, teachers find it difficult to apply 
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insights from learning analytics to support the learners. This experience shows 
that other stakeholders (like students and teachers) should be involved in the 
design process to ensure that EdTech tools support their needs (Cukurova et al., 
2021). However, fewer studies have engaged the users of EdTech tools in the 
design or development process. Holstein et al. (2017), Holstein et al. (2018), and 
Chen and Zhu (2019) are a few examples of user-centred research in the field of 
Learning Analytics and AI in Education.

2.2. AI Ethics

According to an ethics guide by The Alan Turin Institute, “AI ethics is a set of 
values, principles, and techniques that employ widely accepted standards of 
right and wrong to guide moral conduct in the development and use of AI 
technologies” (Leslie, 2019). The paper further explains that AI ethics is a 
reaction to the scope of individual and cultural damages that the abuse, misuse, 
helpless plan, or negative unseen side-effects of AI frameworks might cause. 
Shneiderman (2021) expressed that “the high expectations of AI have triggered 
worldwide interest and concern, generating +400 policy documents on 
responsible AI,” (pp. 35-32).

Figure 4: The EDUCATE Golden Triangle of Evidence (Cukurova et al., 2019).
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Question about the possible concerns about AI need to be addressed. 
Attempting to answer the questions once the tools have been designed and in 
practice, is a stage too late in which to address ethical concerns and ethical 
considerations. AI implications have the power to be scaled, but that also means 
that any mistake that is led by AI implementations would create scaled harm. In 
an article in the ACM Transactions on Interactive Intelligent Systems 
(Shneiderman, 2020), 3 levels of governance structure are provided to ensure 
the safety and trustworthiness of AI systems. These structures are (i) TEAM: 
Reliable Systems Based on Sound Software Engineering Practices; (ii) 
ORGANIZATION: Safety Culture through Business Management Strategies (ii) 
INDUSTRY: Trustworthy Certification by Independent Oversight. By extension, 
these three levels are further divided into 15 recommendations (see figure 5).
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Figure 5: Governance structures to guide teams, organizations, and industry leaders (Shneiderman, 2021)
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2.3. AI Literacy

The more AI improves, the more it is being integrated into various spheres of 
human lives, education inclusive. On the other side, people might perceive it as 
scary and distorted away. Consequently, this could affect the way it’s “developed, 
deployed and regulated,” (Cave et al., 2019; Kieslich et al., 2021). To avoid 
“throwing the baby out with the bathwater,” it is recommended that educators 
and learners are exposed to AI literacy. Long and Magerko (2020) describe AI 
literacy as “a set of competencies that enables individuals to critically evaluate AI 
technologies; communicate and collaborate effectively with AI; and use AI as a 
tool online, at home, and in the workplace.” To ensure AI literacy, Talagala (2021) 
describes the 4 Cs to address. They are (i) Concepts: what the AI does, its 
strength and limitation; (ii) Context: how the AI is used and how the user’s 
information is used; (iii) Capability: this focuses on how people can make 
decisions based on their comprehension of AI concept and context; (iv) 
Creativity: the more people are creative about the use of AI, the more its 
development could be inclusive.

8
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