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Target Group-specific Learning Success Optimization of
Beekeeping Learning Materials using Eye-Tracking
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MOTIVATION – OBJECTIVE – RESEARCH QUESTIONS

Motivation
• learning material for novice beekeepers can

often be improved in terms of didactic and
methodological design

Objective
• analysis of visual attention distribution using

eye-tracking (heatmaps) on subjects work-

ing with digitally presented basic beekeeping
learning material for beginners where sub-
jects have no prior beekeeping knowledge

Research Questions

• What visual focus points do experienced
readers without prior beekeeping knowledge
show on the learning material (eye-tracking)?

• How successful are the participants in an-
swering test questions provided in the learn-
ing material (number of questions answered
correctly)?

• How did the participants experience the
learning material in terms of its suitability for
learning (free questionnaire answers)?

METHOD – STATE OF RESEARCH – LEARNING MATERIAL

Method

• eye-tracking analyses in detail eye move-
ments when observing learning material and,
thus, the visual information intake at the be-
ginning of the information processing process
[2,3]

• eye-tracking data shows the focus of visual
attention (fixations) and its movements (sac-
cades) in the stimuli [4,5]

State of Research

• learning is effectively supported by high-
quality learning material [1]

• eye-tracking studies examine the visual at-
tention of test subjects [3]

• eye-tracking data can provide insights into
the viewing behavior of learners. This pro-
vides information about their visual percep-
tion of the stimuli presented [6]

• “multimedia principle:” individuals better
learn from combinations of text and im-
ages/illustrations than from text alone. [7]

Learning Material
• established training material in Germany [8]
• according to “Deutsches Bienenjournal” and

“Bienen und Natur:” material for beginner
courses and advanced courses

• material combines text and illustrations
(graphics, tables, and photos) with contents-
related test questions at the end (see Fig. 1) Figure 1: Page 1 of the learning unit analyzed

APPROACH & SAMPLES

Approach
• presentation of the digitized learning ma-

terial on a screen (4 A4 pages in total)

• participants are asked to read the material
and finally answer questions

• continuous eye-tracking

Samples
• 12 indiv., no prior beekeeping knowledge

• competent readers

ANALYSIS

• aggregation of eye-tracking data collected

• result: heatmaps of visual attention

• heatmap: visual representation of atten-
tion distribution across a screen surface
based on eye-tracking data

• color scale: red (high), yellow (medium),
and blue (low) intensity of gaze

• advantage of heatmap: quick assessment
of focus areas, prioritization of contents

RESULTS & INTERPRETATION (1/2)

Eye-Tracking Results

Figure 2: Heatmap while reading (left),
heatmap while working on tasks (right)

→ text viewed with varying intensity

→ images & illustrations hardly viewed at all

RESULTS & INTERPRETATION (2/2)

Test Question Results on the Contents
• 39.7 % correct answers

• 60.3 % incorrect answers

→ poor learning success

Results of Free-text Answers
• 7 participants criticize: too many foreign

words not explained; too many figures in
the text, illustrations not clear enough,
texts do not always refer to illustrations,
photos only used as decoration, too much
information, too many details, facts cannot
really be understood without prior knowl-
edge

• 5 participants are mostly satisfied; they
perceive text and illustrations as mostly
helpful

→ learning material was largely unhelpful

CONCLUSION

1. only include meaningful, targeted (not
purely decorative) illustrations to support
the text; avoid unnecessary illustrations

2. text must refer to illustrations

3. reduce eye movement by ensuring that il-
lustrations and text match (this reduces
cognitive load!)

4. reduce text and illustrations to essential in-
formation: no unnecessary digressions or
outdated, technically incorrect or folkloric
representations

5. only use technical terms after they have
been introduced & explained

6. initially, clearly state the goal of the learn-
ing unit

7. use simple language; observe the princi-
ples of accessible learning

LIMITATIONS – OUTLOOK – REFERENCES

Limitations & Outlook
• here: exploratory study; not representative

• conduct scanpath analyses; they allow for
more qualified and detailed insight into the
visual perception of learning materials

• increase number of samples

• analyze additional training and learning
material
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Bolivia (South America) hosts a rich variety of bee species that contribute to honey production. While Apis mellifera 
honey is well-documented worldwide, the honey produced by stingless bees (Meliponini) remains relatively understudied. 
Given the increasing interest in the characterization of honeys from diverse botanical and ecological origins, studying 
the properties of both A. mellifera and stingless bee honey provides valuable insights into their quality, authenticity, 
and potential health benefits. Whitin the SANAPI project, designed to strengthen environmental management initiatives 
and safeguard production systems that promote forest protection in some Bolivian areas, we analysed honey samples 
collected by beekepers of rural communities across the country. The microbiological and nutritional quality of honey 
from stingless bees and honeybees were compared. The analysis of sugars, total aminoacids, proline, 5-(hydroxymethyl)
furfural (5-HMF) was carried out by UHPLC-HR-MS. Minerals were analysed by ICP-MS, while total polyphenols (TP) 
by Folin-Ciocalteu method. Microbiological analyses for total microbial count, yeast and molds and sulphite reducing 
anaerobes were conducted according to ISO standards and Regional guidelines. The results refer to 23 honey samples 
from Meliponini bees and honeybees. Only for one sample from Scaptotrigona, the measured values were above the 
acceptability level for the European marketing of this product. Apis mellifera honey contained higher amount of fructose 
and glucose (above 64%) compared to stingless bee honey which content was below the quality criteria (at least 60%) 
reported in the Directive 2001/110/EC. Apis mellifera honey contained also more aminoacids (mainly proline), and 
minerals (potassium, magnesium and zinc). No difference was observed for the levels of 5-HMF that resulted below the 
legal limits (< 40 mg/kg; Directive 2001/110/EC). Finally, a wide variability in the TP content (range 50-2200 mg/kg) was 
documented within and between bee species, in line with the data of the literature. In conclusion, the preliminary findings 
have highlighted several differences in the nutritional content between bee honeys. The completion of the analysis will 
be fundamental for acquiring data useful for a better characterization of the different Bolivian honeys and towards the 
creation of a honey library.
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The number of new beekeepers in the EU is rising steadily - more than 100,000 new beekeepers were registered between 
2019 and 2022. In Germany, small beekeeping businesses are predominant, many with a recreational focus. The increased 
number of new beekeepers results in an increased need for training courses, which are ideally designed for specific 
target groups. Target groups are, for example, young or old people and people with disabilities. There are a number of 
training programmes on offer, e.g. from adult education centres and in particular from regional beekeeping associations. 
For the latter, training courses require a great deal of time from volunteer members. The teaching and learning materials 
are equally diverse and not specific to the target group. This has shown that the materials vary greatly in quality, which 
is not necessarily conducive to efficient learning success. There is a need for improvement. Eye-tracking technology is 
available to analyse existing learning materials in terms of their learning effectiveness and to identify suggestions for 
their possible improvement. The eye tracker records a learner’s eye movements and correlates them with the learning 
material presented. Analyses based on this can clarify, which areas of the learning materials were viewed with which 
duration, sequence or frequency and thus allow conclusions to be drawn about the didactic-methodological suitability of 
the learning material or provide information on necessary improvements. In the context of the present research project, an 
eye tracker has been implemented and the eye-tracking technique was applied to established learning materials for hobby 
beekeeping training. This revealed the extent to which selected learning materials were effective and what indications 
there were for improvement - possibly also for specific target groups.  In view of the high number of new beekeepers from 
a wide range of target groups, the high demand for training and the high personal time commitment of local beekeeping 
associations, beekeeping teaching materials must be optimised in terms of didactics and methodology with regard to 
learning success. These optimisations can be carried out systematically using the eye-tracking method. They therefore 
make a major contribution to targeted and efficient beekeeper training.


