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Abstract. Learning from concise educational materials, such as lecture
notes and presentation slides, often prompts students to seek additional
resources. Newcomers to a subject may struggle to find the best keywords
or lack confidence in the credibility of the supplementary materials they
discover. To address these problems, we introduce Slide++, an auto-
mated tool that identifies keywords from lecture slides, and uses them to
search for relevant links, videos, and Q&As. This interactive website inte-
grates the original slides with recommended resources, and further allows
instructors to ‘pin’ the most important ones. To evaluate the effective-
ness of the tool, we trialled the system in four undergraduate computing
courses, and invited students to share their experiences via a survey and
focus groups at the end of the term. Students shared that they found the
generated links to be credible, relevant, and sufficient, and that they be-
came more confident in their understanding of the courses. We reflect on
these insights, our experience of using Slide++, and explore how Large
Language Models might mitigate some augmentation challenges.

1 Introduction

Students go through considerable changes in their learning patterns once they
commence their tertiary education. Rather than following a managed learning
path, students must transition to an independent learning approach that relies
on their own research. Self-learning becomes even more important when the pro-
vided course materials are concise or limited, especially when they are the sole
reference materials for certain lectures. Thus, it would be beneficial to supple-
ment such materials with credible and relevant links to additional resources.

As an initial attempt to support students in their self-learning journeys, we
developed Slide++1, a system for viewing and managing augmented slides (Fig-
ure 1). Our platform enables students to access slide sets uploaded by their
university instructors, automatically enriched with complementary resources cu-
rated from the web. Slide++ uses statistical methods to identify the most sig-
nificant keywords inside slides, then uses them to query the web for relevant
articles, videos, and discussions. Instructors can further refine the results by
adding/removing resources and ‘pinning’ the most important recommendations.
1 https://slideplusplus.preferred.ai/
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Fig. 1: Slide++ website preview (left) and architecture (right): 1. upload slide
set; 2. extract & preprocess; 3. query text extraction; 4. search links; 5. store in
database; 6. Slide++ website; 7. end users (students)

We trialled Slide++ in four undergraduate computing courses, then con-
ducted surveys and focus groups at the end of term. Students shared that they
found the generated links to be credible, relevant, and sufficient, and increased
their confidence in their understanding of the courses. We also explored the use of
Large Language Models (LLMs), finding that GPT4 can potentially complement
Slide++’s statistics-based approach on image-heavy slides.

2 Related Work

Although we are not aware of another tool similar to Slide++, there are some
works that analyse and augment lecture slides for other purposes. Wolfe [9], for
example, creates annotated slides that can be used by ‘conversational agents’
that students can interact with. Similarly, Shimada et al. [7] analyse lecture
slides to generate summarised versions of the materials to read as previews.
Like Slide++, this tool also automatically analyses a slide set, but instead of
providing additional references, it provides a summarised version of its content.

A related approach to recommending links in slides is recommending content
personalised to the student [8]. For example, Oliveira et al. [4] generate such
recommendations in learning management systems: they take into account the
learning profiles of students in order to suggest activities and materials that
better suit their learning styles. Barria-Pineda et al. [2] integrate personalised
recommendations into a Java programming practice system, with the system
able to explain its recommendations based on the student’s prior interactions.
These approaches are quite different to Slide++ in that existing catalogues of
content, activities, or exercises are utilised as the recommendations.

Recently, practitioners are beginning to explore the potential pedagogical
benefits of AI tools such as ChatGPT [1, 3, 5], e.g. for generating new content, ex-
plaining examples, or analysing error messages. Our preliminary tool is effective
at generating keywords using simpler statistical methods, but its approach could
also be used in conjunction with advanced AI models, e.g. leveraging ChatGPT
to generate better query terms to improve the the relevance of curated resources.
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3 Slide++ Tool

The Slide++ website’s primary functionality centres around recommending three
main categories of resources: web pages, videos, and discussion (Q&A) threads
on forums such as Stack Overflow as shown in Figure 1 (left).

The overall architecture and content augmentation process is shown in Fig-
ure 1 (right). To initiate the content augmentation process, instructors upload
their teaching slides to Slide++ for student viewing. A statistics-based key-
word extraction mechanism (detailed shortly) is used to generate potential query
words for each slide, which in turn are used to extract and display resources from
the web. Instructors can subsequently refine these keywords based on their ex-
pertise, and also ‘pin’ any important links retrieved by the process to highlight
those resources to students.

We implemented a logging mechanism to capture student behaviour such as
their login patterns, engagement with course content (including slide set viewing
and navigation) and their interactions with the provided supplementary materi-
als such as web pages, videos, and Q&A links.

Query Word Extraction. In Slide++, we employ a blend of statistical meth-
ods to automate the extraction of query words. The aim is not to generate
flawless keywords for each slide but rather to serve as an assisting mechanism
for instructors to properly define the query words for a given slide.

We initially transform the text using the TF-IDF technique [6], which gauges
the relative importance of a word within the given corpus. (In our context, a
single document corresponds to a slide in a slide deck, and a term is a word
present in the slide.) The equations 1, 2, 3 provide the related definitions for the
representations utilised in our query text extraction mechanism.

tf(t, i) = f(t,i) (1)

idf(t,Dm) = log

(
|Dm|+ 1

df(t,Dm) + 1

)
+ 1 (2)

xt = tfidf(t, i,Dm) = tf(t, i) ∗ idf(t,Dm) (3)

The term f(t,i) denotes the frequency of word t in the document i. In our
scenario, it can be considered as a count of a word’s appearance in a slide in
the given slide set. Term df(t,Dm) specifies the number of documents in the
corpus Dm in which a word t appears uniquely. The xt term provides the final
representation of word t, with respect to the considered corpus. Beyond word
occurrences, to leverage the structural details in PowerPoint slide sets, we use
bullet levels inside of a slide and consider it as a weighting factor for word
representations. Below are the relevant equations to calculate the weighted values
for the considered tokens in a given slide set based on order and level information.

penalty(t,l) = tf(t, i) ∗ e−log(βl)∗l (4)
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penalty(t,o) =

{
tf(t, i) ∗ e−log(βo)∗o if W ≥ ω

1 otherwise
(5)

weightt,i = penalty(t,l) ∗ wl + penalty(t,o) ∗ (1− wl) (6)

Here, t, l, i, o, and W are symbols denoting the considered token, token level,
document (slide), token order value in the slide, and the total number of words
in the document respectively. Furthermore, wl denotes a parameter that adjusts
the values coming from level penalty and order penalty, and ω is a threshold
parameter we set that limits the effect of penalties on slides with low text content.

In addition to considering the importance of word ordering within a slide, we
utilise the importance of slide titles as an additional factor along with a Gaussian
window-based method to incorporate information from neighbouring slides.

token(t,i) = weight(t,i) ∗ α+ title(t,i) ∗ (1− α) (7)

x(t,i) = token(t,i) ∗ P (i | N (0, σ2)) (8)

Here, x(t,i) represents the value of term t in document i. The Gaussian distri-
bution N (0, σ2) represents a predefined variance σ2 and zero mean. We calculate
x(t,i) for a given slide text content around its neighbouring slides (a hyper-
parameter) to calculate the final representation values for all vocabulary tokens.

For a given slide we select the highest ranking tokens based on the above
weights and display those in the Slide++ tool as the selected query words. Note
that these query words are suggestions, in that they can be overridden by the
instructor, but they help to reduce the load on instructors.

4 Study and Discussion

4.1 Study Design

To evaluate the effectiveness of Slide++, we deployed the tool in a field study
involving four undergraduate computing courses (running in parallel) at our in-
stitution. Instructors of the four courses agreed to participate by utilising the
website to upload their slides and verifying the generated keywords and supple-
mentary resources. In the first lesson of the term, instructors demonstrated the
Slide++ website, and invited students to use it as a learning resource throughout
the course. Students were not forced to use the tool (slides were also distributed
through the usual learning management system). At the end of the term, stu-
dents were invited to participate in an online survey and a focus group session.
This participation was entirely optional for the students, but came with a small
monetary token of appreciation.

We trialled Slide++ on two programming courses (Data Structures & Al-
gorithms, Web Application Development) as well as two software engineering
courses (Software Project Management, IT Solution Lifecycle Management).
Based on information recorded in the system, over 400 unique student accounts
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Fig. 2: Extent students agree that resources are relevant, credible, and sufficient

were registered on the website throughout the term, and over 40 slide sets were
uploaded by instructors across the four courses.

For the survey, we were able to gather 49 student responses, with the following
distribution across the four courses respectively: 33.33%, 11.11%, 22.22% and
33.33%. Among the respondents, 57% of them reported their gender as female,
39% as male, and the remaining 4% preferred not to say. (Note that our student
cohort is approximately 40% female and 60% male.) Furthermore, 73% of the
students shared that they were taking our Information Systems degree, with the
others all taking Computer Science. Of these 49 students, 13 students accepted
our invitations to join one of three focus group sessions.

Based on the data we collected from Slide++ over the considered term, the
‘activity count’ on the website hit around 6,500 actions (clicking links, opening
slide sets, traversing slides) per week in total. Among the students who clicked
at least one recommended link, the overall average number of clicks rises to 7.64,
with a maximum of 41. This data indicates a reasonable amount of tool usage
and provides motivation to explore the use-cases further.

4.2 Relevancy, Credibility, and Sufficiency of Slide++

In our survey, we focused on questions to explore the participants’ thoughts on
the generated query words and recommended web resources (web links, videos,
and Q&A). We used a 7-point Likert scale to measure each participant’s evalua-
tion of the relevance, credibility, and sufficiency of the recommended resources.

Figure 2 summarises the responses received to these questions. Overall, stu-
dents agreed that Slide++ was able to provide relevant, credible and sufficient
additional resources. Web links received the highest percentage of positive re-
sponses, whereas Q&A links and query words received slightly lower responses.
We believe this is because good Q&A links (i.e. specific technical discussions on
Stack Overflow) may not exist for the content of every slide, especially when
compared to the links curated from around the broader web.

During the focus group sessions we discovered that even though students
appreciated the links generated by the Slide++, they still preferred to have an
explicit indication of credibility regarding the suggested contents. The reasoning
behind this request seems to be originating from their experiences with the ‘hal-
lucination’ effects of novel generative models. In focus group sessions, students
mentioned issues with tools like ChatGPT and it seems that such technologies
have made them suspicious of anything automatically generated:



6 Dinushka et al.

Fig. 3: Perceived usefulness and impact of Slide++

“. . . I actually don’t use ChatGPT; instead I use Bing AI. It’s just based on
ChatGPT, but because it provides links and sources to what it’s talking about,
[I can verify] if it’s hallucinating or not.”

4.3 Perceived Benefits and Impact of Slide++

In our survey, we asked students for their feedback on how useful they found
the Slide++ tool for four objectives. Figure 3 (left) summarises how useful they
perceived the tool for those objectives. The overall responses lean positive, with
perceived usefulness for finding additional explanations being the highest.

During the focus groups, some students shared that the tool was particu-
larly helpful for more ‘subjective’ topics (e.g. the agile software process ‘scrum’
as taught in Software Project Management) and appreciated having links to
additional articles with different perspectives to those of their instructors.

While the curated resources themselves were found useful, the focus group
participants conveyed that they did not find it helpful to see the query words
that were generated. We suspect that this is because Slide++ currently displays
them as a list of keywords, rather than as a description of the slide.

Finally, we investigated the impact of Slide++ on students’ confidence in
their understanding, as well as how the tool has changed their approach to find-
ing and using supplementary material. Figure 3 (right) summarises the responses.
Overall, the responses suggest that students feel more confident in their under-
standing of course materials and seemingly spend less time finding resources.

A key lesson we learnt in running this study is the importance of ensuring
new pedagogical tools integrate seamlessly with the learning methods and sys-
tems students normally use. For example, some students suggested to integrate
Slide++ into the university learning management systems, or even directly in
slides via a plug-in (as they prefer to annotate slides directly as part of their
learning process). We hope to explore such possibilities in the future.

5 Generative Model-based Query Sentence Generation

Slide++ currently employs an efficient statistics-based approach, but we also
wanted to assess whether LLMs may help to improve the query words generated—
especially for image-heavy slides that lack keywords to extract.
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Table 1: BERT F1-scores of statistics-based and LLM-based summaries
Course Name Statistics-based LLM-based

Web Application Development 0.77 0.81
Data Structures and Algorithms 0.83 0.80

IT Solution Lifecycle Management 0.80 0.80
Software Project Management 0.83 0.81

Table 2: Examples of query text from statistics-based and LLM-based approaches
Statistics-based LLM-based

type linked declaring array arrays elements
initialize java

Initializing Java arrays with types and sizes.

analysis algorithm exists proof Quantifiers in logical statements described.
dom getElementsByTagName javascript

array index
Accessing elements in HTML by tag name.

granularity service team size microservices Microservice size varies, consider business
needs and two-pizza rule.

We implemented a proof of concept query word generator using the OpenAI
GPT4-Vision API, and used it to extract key descriptions of slide contents.
Instead of just using the text inside of a slide, we incorporated the full slide image
as an input. Furthermore, while the statistics-based approach generates a list of
keywords, we wanted to explore whether GPT4 could present those keywords in
a more intelligible sentence describing the content of the slide (while also being
useful to extract resources from the web).

Table 1 shows the course-wise BERTScore [10] comparisons between the
statistics-based approach and GPT4-based summaries. The score differences be-
tween summary values are not significant, indicating that the statistics-based
approach performs well, despite being a more cost-efficient method. However,
the query sentences generated by GPT4 appear to be more readable than those
in the statistics-based approach as can be seen from the examples in Table 2.

We will be developing Slide++ further to explore combinations of these pos-
sibilities. For example, the statistics-based approach could be used for text-heavy
slides, with the LLM-based approach for image-heavy ones. LLMs may also be
helpful for generating summaries of the whole slide set, similar to the approach
of Shimada et al. [7].

6 Conclusion

In order to provide students with an enhanced learning experience, we developed
a website, Slide++, that offers functionality for automatically generating query
words and links to supplementary materials. We trialled it in four undergraduate
computing courses, inviting students to participate in a survey and focus group
discussion at the end of the term. We found that students deemed the generated
links to be relevant, credible, and sufficient, and that Slide++ helped to improve
their confidence in their understanding of the course content. Students conveyed
the usefulness of the tool in a variety of scenarios, e.g. generating links to explain
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diagrams in slide sets, finding interesting articles for class reflection exercises,
and discovering different (but credible) perspectives to those of their instructors.

In the future, we plan to further explore LLM-based approaches for more
advanced query extraction (especially on image-heavy slides). In addition, we
would like to explore how the slide augmentation features of Slide++ might
be integrated into common educational tools such as learning management sys-
tems, in order to reduce the friction currently imposed by requiring the use of a
standalone website.
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