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Abstract  

This research paper evaluates whether elementary-level instructional YouTube videos on 

photosynthesis are a fertile instructional medium in spreading potential misconceptions. After 

identifying from previous literature four of the most common misconceptions that elementary 

learners tend to form about photosynthesis, a qualitative multimodal approach was used to 

analyze the videos. A sample of ten videos was selected based on the following criteria: the most 

viewed short YouTube videos (under 4 minutes) on photosynthesis for elementary-level learners. 

The study investigated erroneous graphic, auditory, and textual cues that might cause the viewer 

to form either a misconception directly related to the concept of photosynthesis, or one that 

might hinder its understanding. Although the study’s sample is narrow, its findings shed light on 

some remarkable patterns. In total, nine misconceptions grouped into seven conceptual 

categories are evoked throughout the ten videos, a third of which belongs to the category 

defining photosynthesis as an inverse respiration. Two thirds of the misconceptions are evoked 

by the first most viewed half of the videos, and all nine are suggested through at least one 

auditory cue. Only three videos do not suggest any misconception. Two of those are 

experimental videos that solely film an experimental process and include minimal content cues. 

Hence, it is clearly shown that YouTube videos are substantially spreading potential 

misconceptions about photosynthesis among elementary-level learners, especially through 

auditory content cues. Considering that it might not be practical for YouTube to conduct 

extensive reviewing of all academic content being shared on its platform, video content creators 

are urged to do so themselves, and so are educators when choosing appropriate material for 

instruction. Furthermore, future studies can replicate the methods of this research on a wider 

sample of videos including a wider duration range for more accurate and conclusive results.
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Background  

To guarantee quality teaching and learning experiences, educators must select instruction 

methods and material carefully. Every pedagogical tool ought to be assessed by teachers to 

ensure suitability for the learners’ needs and the school content standards. Therefore, it is crucial 

to avoid strategies and material that include inaccurate or poorly presented information that 

might lead to the formation of misconceptions within learners.  

Several common misconceptions amongst schoolers are related to the scientific concept 

of photosynthesis. For instance, many learners do not know that plants breathe in addition to 

photosynthesizing (Amir and Tamir, 1994). Moreover, “inverse respiration” is the assumption 

that photosynthesis is a type of respiration inverse to that of humans, as plants take in CO2 and 

release O2 (Canal, 1999). Another assumption is that plants only feed on water and nutrients 

absorbed by their roots (Barrutia and Diez, 2021; Wandersee et al., 1994). Additionally, many 

learners believe that the main role of photosynthesis is producing O2 for other living beings’ 

respiration (Stern et al., 2018).   

Wandersee et al. (1994) claim that misconceptions, also known as alternative 

conceptions, have several origins, one of which is instructional material, especially media. 

Today, YouTube is one of the fastest emerging media platforms in education, especially after the 

outbreak of the COVID-19 pandemic and the reliance on online learning (Ataç et al., 2020; 

Redondo-Cabrera & Lopez-Sastre, 2019).  

Although YouTube (n.d.) claims to detect the presence of misinformation in the content being 

shared on its platform, study findings have reported the number of recently shared videos 

containing false information to be higher than that of videos with accurate information (Ataç et 

al., 2020). In fact, videos play a substantial role in information (and misinformation) spreading as 
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their visual, auditory, and visual print dimensions directly affect viewers’ cognitions (John & 

Boucouvalas, 2002; Martinez et al., 2021; Redondo-Cabrera & Lopez-Sastre, 2019).  

Conclusively, educational YouTube videos are an emerging tool for instruction which are 

highly likely to include misinformation due to limited censorship. It is therefore crucial to be 

cautious of the potential misconceptions that might be cognitively constructed by viewers, 

especially young learners, through the videos’ visual, auditory, and textual clues. 

Purpose  

This study aims at investigating the multimodal contextual causes of potential misconceptions in 

elementary-level educational YouTube videos about photosynthesis that viewers might construct.  

Research question 

To what extent are elementary-level educational YouTube videos on photosynthesis promoting 

potential misconceptions about photosynthesis? 

Rationale and significance  

Photosynthesis in plants is a scientific concept taught since early elementary and revisited 

in later years until high school and university. Despite the heavy emphasis on the topic, and 

albeit the reteaching of it throughout several years, it remains one about which individuals of all 

ages hold several erroneous conceptions. Thus, in order to inhibit the spread of such 

misconceptions, it is crucial to investigate their possible origins.  

Wandersee et al. (1994) identified the media as one of the most common origins of 

misconceptions in instruction. Moreover, YouTube videos are considered a prominent example 

of the use of media for instruction (Redondo-Cabrera & Lopez-Sastre, 2019). However, there 

exists limited literature that addresses how instructional videos might cause learners to form 

misconceptions on a specific topic, especially the concept of photosynthesis. Thus, this research 
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studies a selected sample of educational YouTube videos on photosynthesis to evaluate the 

accuracy of visual, auditory, and textual content. Hence, the findings of this study can benefit 

educators, educational media developers, and more domain professionals in enhancing teaching 

and learning through digital media.  

First, a prominent goal for this research is to enhance the process of educators’ selection 

of instructional material, especially media content like YouTube videos. Therefore, the content 

accuracy analysis of the studied videos can assist educators including teachers, parents, 

coordinators, and instruction planners in selecting pedagogically appropriate YouTube videos on 

photosynthesis to use for instruction. By carefully selecting instructional videos with accurate 

information, educators would potentially be limiting the possibility of the emergence and spread 

of misconceptions within learners, and thus enhancing the teaching and learning quality.  

Moreover, to assess the content of the videos selected, this study develops an 

interdisciplinary rubric that can be applied to any concept and subject matter. Hence, this paper 

is not limited to the findings related to photosynthesis videos, but concurrently allows educators 

to apply the same methods of evaluation to any selected topic of instruction (Appendix 1).  

Additionally, this study reveals the potential misconceptions created through visual, 

auditory, and visual print content of videos. Therefore, it aims to keep video developers aware of 

how their content is going to be presented visually, orally, and textually.  

Finally, this research addresses not only educators trying to select appropriate 

instructional media tools for learners, but also to the developers of such tools in order to present 

the instructional content as accurately as possible.  
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Literature review  

When studying any scientific concept, it is crucial to first understand how science 

functions, or in other words, the nature of science (NOS). In the year 2000, Abd-El-Khalick and 

Lederman revealed that most science education researchers perceive the assimilation of NOS as 

a main objective of science teaching as it makes the learning of scientific concepts meaningful. 

Years later, Lederman et al. (2013) further elaborated on the need of teaching the nature of 

science for preparing scientifically literate learners that will become educated decision-makers 

that take responsible action on relevant global and social issues. Particularly, one major aspect of 

the nature of science states that scientific findings are always tentative, never definite. However, 

even though scientific concepts are constantly rejected and refined over time with new evidence, 

it is still safe to say that scientific findings are durable and reliable with consensus from the 

scientific community (McComas, 2004). This fact is not far from the research on photosynthesis, 

which also went through an extensive process of data and evidence selection.  

Ever since its early discoveries during the 18th century, photosynthesis was never an easy 

process to explain and define. Preliminary experimenters first believed that air is the main 

nutritious source for plants, in addition to water and light which also contribute to plant growth. 

These findings kept refining with the advancement of tools and technologies which facilitated 

plant research, until the reaching of a comprehensive description of the photosynthesis process 

(Govindjee & Krogmann, 2004). The online Oxford University Dictionary of Plant Sciences 

(Allaby, 2019) defined photosynthesis as  

“the series of metabolic reactions that occur in certain autotrophs, whereby organic 

compounds are synthesized by the reduction of carbon dioxide using energy absorbed 

by chlorophyll from sunlight. In green plants, where water acts as both a hydrogen 
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donor and a source of released oxygen, photosynthesis may be summarized by the 

empirical equation:  

(Oxygen being released as a gas).  

 

Photosynthetic bacteria are unable to utilize water and therefore do not produce 

oxygen. Instead, they may use hydrogen sulphide (purple and green sulphur bacteria) 

or organic compounds (purple non-sulphur bacteria) as a source of hydrogen.”   

Although photosynthesis occurs in several organisms and in different ways, this study focuses 

solely on the process of photosynthesis in green plants. Hence, photosynthesis occurring in 

bacteria is not further discussed.  

When it comes to the teaching of photosynthesis at the school level, the definition of the 

concept is relatively simplified to suit young learners’ cognitive abilities. For instance, in their 

topic arrangements, the Next Generation Science Standards (NGSS, 2017) explain 

photosynthesis in plants and other organisms as a process through which they use sunlight 

energy, carbon dioxide, and water to produce their food consisting of sugars (for immediate use 

or storage), releasing oxygen concurrently. 

More specifically, in elementary school, there are selected essential understandings that 

ought to be delivered to learners. These understandings result from learning content standards 

that may differ from one country to another. Since this study cannot cover the standards in each 

country, it limits its scope to the context of Lebanon, where it is conducted. In Lebanon, the 

Lebanese Science Curriculum (LSC) is issued by the National Center for Educational Research 

and Development (CRDP, n.d.), reporting directly to the Ministry of Education and Higher 

Education (MEHE) (CRDP, n.d.). In the LSC, the concept of photosynthesis is not taught until 
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the second year of the second school cycle – Grade 5, building on prerequisite concepts acquired 

during the previous years, such as plant parts, types, and needs (CRDP, n.d.).  

Accordingly, the first part of the CRDP Grade 5 science textbook Science for Life (Iskandarani et 

al., 2018) begins with the Plants also need food chapter under the Plants and their habitat unit. 

This chapter explains the process of photosynthesis through the following essential 

understandings; plants need water and mineral salts from the soil as well as carbon dioxide from 

the air or water; green plants produce their own food and so are called producers; photosynthesis 

is the process where plants use water, carbon dioxide, and sunlight to produce their food (starch) 

and release oxygen; chloroplasts are structures in green plants containing chlorophyll which is 

responsible for their green coloration and the capturing of sunlight (Iskandarani et al., 2018).  

However, like many other scientific concepts, photosynthesis can be quite hard for young 

elementary learners to understand, therefore, the choice of pedagogical tools and approaches is 

crucial to ensure effective teaching and learning (Näs, 2010). 

One emerging pedagogical tool that was shown to be efficient in the classroom in terms of 

engagement and dynamic learning is media, and especially videos (Brame, 2016). Whether used 

in an in-person, online, or flipped classroom, videos are believed to substantially enhance 

learners’ cognitive understanding of abstract concepts that are difficult to visualize, especially in 

science classrooms, and with the concept of photosynthesis (Brame, 2016; Garıou-papalexıou et 

al., 2017; Reina et al., 2021). In fact, videos include visual, auditory, and textual dimensions 

which play a simultaneous role in conveying messages to the cognitive brain which will in turn 

assimilate the information to create new concepts or enhance existing ones (Brame, 2016; John 

& Boucouvalas, 2002; Martinez et al., 2021). Moreover, studies have shown that videos can also 
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serve as remedial instruction tools to clarify and correct some faulty understandings and 

conceptions learners may have acquired prior to instruction (Maass & Krause, 2014).  

However, these are not the only effects videos may have on classroom instruction. 

Identically to their ability of remediating erroneous conceptions on abstract scientific 

phenomena, media and especially videos can in many cases be the cause of the creation of wrong 

conceptions regarding abstract scientific phenomena amongst viewers.  

The most predominant platform offering gratuitous instructional videos for all ages and topics is 

YouTube. Uploading hundreds of hours of videos per minute, YouTube (n.d.) claims to have a 

thorough review system of the content shared on its platform using human efforts and artificial 

technology (Ataç et al., 2020; Redondo-Cabrera & Lopez-Sastre, 2019). In addition to 

impersonation, threats to child safety, nudity, illegal goods marketing, and other censored 

content, the platform’s guidelines also promise to address misinformation: “Certain types of 

misleading or deceptive content with serious risk of egregious harm are not allowed on 

YouTube” (YouTube, n.d.). However, the extent to which this censorship is practically in 

function is gravely disputed by recent literature. For instance, Ataç et al. (2020) found that out of 

the most viewed videos on YouTube, the Video Power Index (VPI) and view counts of 

misleading videos is remarkably greater than that of videos with accurate content.  

Conclusively, since videos directly affect viewers’ cognition and understanding through visual, 

auditory, and visual print dimensions, any falsely represented information can cause the viewers 

to form relative misconceptions (Brame, 2016; Garıou-papalexıou et al., 2017; John & 

Boucouvalas, 2002; Martinez et al., 2021; Reina et al., 2021). Thus, videos are a medium that is 

fertile in spreading misconceptions easily and swiftly.  
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Similarly, Wandersee et al. (1994) have identified the media as one of the main sources 

of misconceptions in instruction. However, since most erroneous conceptions are generated by 

learners based on personal experience, Wandersee et al. (1994) prefer to label them as alternative 

conceptions rather than misconceptions. Contrary to the nomothetic approach which solely 

compares learners’ erroneous conceptions to scientific consensus and deems them as wrong, the 

idiographic approach assesses learners’ ideas and claims based on their own explanations that 

emerge from personal experience (Wandersee et al, 1994). However, these terms are often used 

interchangeably regardless of the approach taken. Therefore, a misconception, also known as an 

alternative conception, is an idea generated by an individual through personal experience about a 

certain concept, which is often far from the factual consensus of the scientific community 

(Wandersee et al., 1994). Hence, this study uses the term misconception without adopting the 

nomothetic viewpoint.  

Additionally, many of the most common misconceptions amongst elementary, middle, 

and high school learners are related to the scientific concept of photosynthesis. With all that 

being stated, educational YouTube videos on photosynthesis are highly likely not to be far from 

the reality of misinformation spreading and misconception creation. Hence, it is crucial to first 

identify the most common misconceptions that learners tend to form about photosynthesis.  

Amir and Tamir (1994) found that over half of their study participants did not know that plants 

can breathe, thinking that the only process plants can perform is photosynthesis. On another 

hand, in his study, Canal (1999) found that many elementary and secondary learners assume that 

photosynthesis is a respiration process within plants that is “inverse” to that of humans, as plants 

intake carbon dioxide (CO2) and release oxygen (O2) (pp. 363-364). In fact, learners tend to 

confuse respiration and photosynthesis, as both processes include the opposite consumption and 



13 
 

release of the two gases CO2 and O2. However, plants undergo photosynthesis during daylight 

and respire all day long. The O2 released by photosynthesis is consumed by respiration, and vice 

versa for the CO2 (Amir & Tamir, 1994). Moreover, studies have revealed the false belief 

amongst elementary learners that the only food and nutrition plants need to grow is water and 

minerals absorbed by their roots. The concept of food production instead of food consumption 

might not be easily assimilated by learners as they tend to think that all living beings are 

nourished through the consumption of food (Barrutia & Diez, 2021; Wandersee et al., 1994). 

Additionally, in their research, Stern et al. (2018) found that many Biology college students had 

formed a teleological assumption since their early elementary years, stating that the main role of 

photosynthesis is simply the production of oxygen for other living beings to consume. However, 

photosynthesis is first and foremost a process through which plants synthesize their own food 

with the presence of light, in order to grow (Stern et al., 2018).  

The latter are four most common misconceptions learners form during elementary school and 

hold until high school and college. The order in which these misconceptions are listed is aleatory 

and does not indicate that one misconception is more common than the other, as each of the latter 

studies are conducted on a limited geographical sample and do not give insight into a global 

commonality ranking of photosynthesis misconceptions.  

Moreover, studies show that teachers often share the same misconceptions with students, 

which directly affects the teaching and learning processes, especially when choosing 

instructional material for teaching (Käpylä et al., 2009; Södervik et al., 2014; Wandersee, 1994).  

Shulman (1986) lists three interdependent domains of knowledge every teacher should have 

before instruction: curricular content knowledge, subject matter content knowledge, and 

pedagogical content knowledge (Shulman, 1986). Curricular content knowledge refers to the 
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teacher’s responsibility of knowing what aspects of curricular topics to teach, and in what scope 

and sequence. For instance, this review of literature has tackled the scope and sequence of 

photosynthesis teaching in grade 5 according to the Lebanese Science Curriculum (CRDP, n.d.). 

Subject matter content knowledge implies that teachers must know well the subject they are 

teaching, and why they are teaching it. Therefore, it is not justifiable that teachers hold 

misconceptions about a concept as they are planning and delivering instruction. Finally, 

pedagogical content knowledge refers to the presentation of the subject matter content 

knowledge, including the pedagogical tools used for instruction. Hence, to teach a subject, it is 

foremost important for the teacher to master the content well in order for the pedagogical tool 

selection process to be appropriate. Hence, this paper aims to help teachers specifically, and 

educators generally, in choosing appropriate instructional videos about photosynthesis while 

reducing the risk of misconception formation and development amongst elementary-level 

learners.  

Methods  

Study nature  

This research follows a qualitative method of digital content analysis. “The term 

‘qualitative research’ refers to studies that investigate the quality of relationships, activities, 

situations, or materials” (Fraenkel & Wallen, 2009, p. 435). The study evaluates the quality of 

photosynthesis concept formation within the visual, auditory, and visual print content of 

elementary-level educational YouTube videos on photosynthesis. The process of data collection 

involves the writing of detailed descriptions which in turn are referred to as qualitative data.  
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Sample   

The population studied in this paper is all elementary-level educational videos on 

photosynthesis uploaded on YouTube in the English language. Accordingly, a representative 

sample is carefully selected based on three equally relevant criteria; keywords used in the search 

bar, video duration, and number of views. The sample is therefore directly selected from 

YouTube using some filtering and sorting techniques listed hereafter.  

First, results suggested by search engines are directly linked to the detection of keywords 

inserted in the search bar. Search Engine Optimization (SEO) on YouTube refers to the careful 

selection by channels of engine-sensitive keywords in video titles and descriptions in order to 

increase the chances of their video being promoted in searches that include at least one of the 

selected key terms (Boston University Public Relations, n.d.). Therefore, two specific keywords 

are used in the case of this study to obtain the most relevant results: “photosynthesis” and 

“elementary”, resulting in the following statement “elementary photosynthesis”.  

Second, studies argue that instructional videos to be used in the elementary classroom 

must be what they qualify as “short” (Brame, 2016, p. 2). Brame (2016) estimates the optimal 

instructional video duration to be 6 or less minutes in order to ensure utmost engagement and 

attentiveness of learners. On YouTube, users can filter the suggested results by video length by 

clicking on Filters under the search bar, then selecting one of the three options under the 

Duration filter: “under 4 minutes”, “4 – 20 minutes”, and “over 20 minutes”. In the case of this 

study, the option of videos under 4 minutes is selected to obtain reasonably short videos and set a 

balance between the number of videos analyzed and the available time for this study.   

Third, the study will consider the most viewed videos under the above criteria since it is 

interested in the potential spread of misconceptions. To do so, the resulted videos from the 
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YouTube search are sorted in the descending order of number of views in order to study the 

prevalence of misconceptions in the most viewed elementary-level educational videos on 

photosynthesis. The sorting is done by clicking on Filters, then selecting View count under the 

Sort by filter. It is crucial to note that the number of views may change with time, hence, the 

obtained order of videos is true for May of 2022, but might not be conclusive to a later date.  

Conclusively, the sample of this study is chosen as follows; first, the two keywords 

“elementary photosynthesis” are typed in the search bar, then the suggested results are filtered in 

terms of duration (under 4 minutes) and sorted by view count. The latter process results in a total 

of 19 videos. The 8th suggested video does not include the keyword “photosynthesis” in its title 

and so it is considered irrelevant in the sample selection process. Hence, the first 7 videos in 

addition to the 9th, 10th, and 11th videos – total of 10 videos – are selected as the sample 

representative of the study’s population (Appendix 2).  

Each video in the selected sample is qualitatively evaluated in terms of accuracy of 

concept formation. The number of existing misconceptions on photosynthesis is difficult to scale. 

Therefore, this study focuses on the four most common misconceptions on photosynthesis 

declared by previous research studies conducted in elementary, middle school, high school, and 

university classrooms and published by several credible scientific journals (Amir & Tamir, 1994; 

Barrutia & Diez, 2021; Canal, 1999; Stern et al. 2018; Wandersee et al., 1994). The four 

misconceptions (MC) are listed below: 

MC 1: Plants only undergo photosynthesis and do not breathe  

MC 2: Photosynthesis is an “inverse” type of respiration  

MC 3: Plants feed on water and nutrients absorbed by the roots  

MC 4: The main purpose for photosynthesis is O2 production  
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The above numbering of misconceptions is used throughout the study. A misconception can be 

referred to by its respective number. As previously mentioned, the listing of these 

misconceptions is aleatory and does not reveal that one misconception is more common than the 

other.  

Procedure   

To assess the content accuracy of the videos, the study uses a rubric that crosses the 

different dimensions of a video and the four selected misconceptions.  

Studies argue that the cognitive style of media consumers is affected by the visual, 

auditory, and visual print dimensions of the content (John & Boucouvalas, 2002; Martinez et al., 

2021). Hence, while watching a video, the viewer’s understanding is influenced by what is being 

seen, heard, and read. The latter listing order of the visual, auditory, and visual print dimensions 

is not aleatory. In fact, research shows that each of these video dimensions has a different level 

of effect on cognition and understanding. As previously listed throughout the paper, the 

descending order of the three dimensions’ influence is visual, auditory, and textual, meaning the 

viewer is mostly affected by what they see, then what they hear, and finally what they read 

(Cruse, 2006; Snoek & Worring, 2005). Consequently, the rubric developed to analyze and 

evaluate the content of the sampled videos includes the three latter dimensions as follows: 

graphics/imagery, audio, and text (visual print). Graphics and imagery cues include illustrations, 

animations, and diagrams. Auditory cues include speech, music, and sounds/onomatopoeia. 

Visual print or textual cues refer to lyrics, sentences, or expressions, hence, written headings or 

labels that accompany graphic content are considered part of the graphic cue, and not a textual 

cue.  
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Moreover, the rubric includes the four previously selected misconceptions on 

photosynthesis. This interdisciplinary approach allows other interested individuals including 

researchers, educators, and/or educational media developers, to use the rubric by inserting the 

misconceptions related to their topic of interest to evaluate the desired video. The process of 

misconception selection could be done similarly to that of this study, hence using evidence-based 

information from reliable research, in addition to personal experience such as diagnostic and/or 

formative assessments conducted in the classroom prior to and/or during instruction.  

Furthermore, since the different dimensions of a video affect the viewer differently, a 

power index is assigned to each of the three modalities in order to provide a more accurate 

estimation of the power of each potential misconception caused by the videos. The graphics 

dimension is assigned a power of (3), the auditory (2), and the textual (1). For instance, a 

misconception can more heavily affect the viewer when suggested by and auditory cue (2) than 

when suggested by a visual print cue (1), since 2>1. However, if the same misconception is 

suggested by multimodal cues at once, e.g., graphic (3) and auditory (2), its power is the sum of 

the index of each modality; in this case, 3+2=5.  

Thus, the rubric has the format of a table with three columns (excluding the heading 

column) and a number of rows. Each column of the rubric is dedicated to one of the three video 

dimensions, while the rows address the potential misconceptions of the scientific concept at 

hand. Hence, the number of rows in the case of this study is 4 (excluding the heading row), 

however, this number could change depending on the number of misconceptions studied. Finally, 

each cell within the rubric crosses one misconception with one of the video dimensions 

(Appendix 1).  
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The above-described table rubric is preceded by general information about the video in 

question, including the title, URL, duration, view count, and a short synopsis briefly introducing 

the content of the video. It is crucial to note that the number of views may change with time, 

hence, the noted number of views is true for May of 2022, but might not be conclusive to a later 

date.  

The evaluator uses the rubric to evaluate each video at a time. After inserting the general 

information about the video, they use a qualitative data analysis method to fill in the rubric. 

While each video is watched, the evaluator fills the rubric on a Microsoft Word document by 

typing objective descriptions of relevant observations. The evaluator watches each video at least 

four times; each view being aimed at scanning for one of the potential misconceptions. The 

evaluator can rewatch, pause, rewind, and forward the video as many times as needed in order to 

ensure the correct extraction of clues. Once a misconception is clearly identified, the evaluator 

fills the corresponding cell with a brief description of its clues, mentioning their specific timing 

as evidence and for future referral if needed. If the evaluator encounters graphic clues that 

suggest a potential misconception, they include a snipping of the video as evidence of their 

description. For auditory and textual clues, the evaluator quotes the specific words or statements 

narrated or printed in the video.  

Evidently, the videos might include erroneous clues that lead to other misconceptions 

than the four identified by this study. Hence, the evaluator can mention such clues by adding new 

rows right after the four misconceptions and labelling them with a “+” sign.  

When a rubric is filled, the evaluator writes another comprehensive description of the 

overall implications and possible amendments that could enhance the accuracy of the video. 
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Such suggestions are based on the filled cells or on any additional observation not directly 

related to the academic content, but that might hinder its representation.  

For optimal analysis and the avoidance of confusion and biases, the evaluator waits at 

least an hour after each video analysis before starting with the next video. During this interval, 

the evaluator does not deal with any material related to the study in order to clear and reset their 

mind for the upcoming analysis, without having the content of one video possibly affecting the 

analysis of another.  

When all rubrics are filled, the collected data is summarized and represented in a table 

format to visualize any possible pattern. The table will list relevant information about each video 

but does not need to follow a specific format. The content of the table is extensively elaborated 

in the following sections, each pattern being explained under a specific heading.  

Validity and reliability  

The latter elaborated methods allow a thorough assessment of the content of the most 

viewed elementary-level instructional YouTube videos on photosynthesis and the obtention of 

sufficient pertinent data to answer the research question of the study. In fact, the coherent 

representation of the data in a table format allows the visualization the tendencies of 

misconception spread through multimodal cues in each video with relation to other video details 

such as view count. The identification of the following trends and patterns allow a coherent 

response to the initial research question, hence ensuring the validity of this research. 

However, if the study was to be replicated, several factors might hinder the obtention of 

equal results. For instance, during the sample selection, this study uses the keywords “elementary 

photosynthesis” in the YouTube search bar to receive the corresponding recommended videos 

about elementary-level photosynthesis. However, the recommendation of videos after a YouTube 
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search is correlated with the location of the user (YouTube Help, n.d.). Hence, since this study is 

conducted in Beirut, Lebanon, the previously identified sample might not be obtained through 

the same selection process in another country or even city.  

Moreover, another condition this study follows during the sample selection process is the 

sorting of the recommended videos in the descending order of number of views. Considering that 

the recommendation of videos based on keywords inserted in the search bar does not differ from 

one location to another, the same order of sorted videos is yet not guaranteed since the number of 

views are ever-changing. Hence, since this study is conducted between January and May of 

2022, the ranking of the videos based on number of views might not be the same in the near 

future.  

Even though such factors do not directly limit the results of this specific study, they do 

slightly reduce the reliability of the findings which might change if the study was replicated in a 

different time and place, even using the exact methodology established by this study.  

Results  

Data collection  

This section includes 10 versions of the content analysis rubric: one for each video. The 

cells are filled according to the detailed procedure elaborated in the previous process part of the 

methods section. For organization matters, each rubric starts on a separate page. 

Hereafter is a reminder of the four misconceptions identified by the study: 

MC 1: Plants only undergo photosynthesis and do not breathe  

MC 2: Photosynthesis is an “inverse” type of respiration  

MC 3: Plants feed on water and nutrients absorbed by the roots  

MC 4: The main purpose for photosynthesis is O2 production  
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Video Title: Photosynthesis | The Dr. Binocs Show | Learn Videos For Kids  

URL: https://www.youtube.com/watch?v=D1Ymc311XS8 

Duration: 3:41  

Views: 2.3M 

Synopsis: This video explains the etymology of the word photosynthesis by showing how plants 

use water, CO2, and sunlight to make sugar (glucose) as their food and release oxygen.  

 Graphics/Imagery (3) Audio (2) Text (1) 

MC 1    

MC 2 At 1:48, plant leaves are animated to show 

an inflation movement mimicking that of 

human lungs upon breathing. 

  

At 3:05, the video shows an inflation 

animation of leaf-like lungs that are 

intaking carbon dioxide and releasing 

oxygen. 

 

 

At 1:48, the video states that 

during photosynthesis, plants 

breathe like humans by 

“breathing in carbon dioxide 

and giving out oxygen”. 

A similar lung allegory is 

introduced at 3:05 “plants are 

the lungs of the world”. 

 

MC 3    

https://www.youtube.com/watch?v=D1Ymc311XS8
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MC 4    

+ At 1:27, a graphic showing how plants use 

water illustrates rain falling on only the 

upper part of the plant (the leaves). 

Although the roots are represented, when 

the audio mentioned the use of water, it 

was not shown that water can only be 

used from the roots.  

At 1:56, the correct representation showed 

water being absorbed by the roots and 

delivered to the leaves.  

   

At 1:27, it was not clarified 

through the narration that 

water is absorbed by the 

roots. It was clarified again 

at 1:56. 

 

+  At 2:13, the video states that 

leaves contain pigments 

called “chloroplasts”. At 

2:58, it is restated that 

“chlorophyll” is the pigment 

contained in chloroplasts. 

 

Implications and possible amendments:  

The video falsely describes photosynthesis as a breathing pattern of taking in CO2 and 

breathing out O2 for humans to breathe. However, this described pattern is simply the gaseous 

exchange effectuated during photosynthesis, whereas plants use the same breathing patterns as 

humans as they intake O2 and breathe out CO2. This falsely represented information directly 

relates to the second misconception where photosynthesis is defined as inverse respiration. 
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Moreover, another lung allegory is used by the end of the video, further reinforcing the 

conception of inverse respiration.  

The intake and use of water is addressed twice in the video, in slightly different ways. The first 

time, it was simply mentioned that plants use water without indicating the source or method of 

use. However, the graphics suggest that rain is absorbed by the leaves because the rain did not 

reach the soil and then the roots, it stopped at the level of the leaves. This in fact relates to one 

misconception related to gardening as some people tend to water their plants’ leaves in order 

to hydrate them, not knowing that leaves cannot absorb water, but the water enters the soil and 

is then absorbed by the roots and conducted to the rest of the plant including the leaves. The 

correct pathway of water was then visualized and narrated almost half a minute later, however, 

the first erroneous representation could directly affect the viewers’ cognition as an impactful 

first impression.  

Finally, the video falsely defines chloroplasts as the green pigment of the plant only to 

recorrect this information by stating that the pigment is called chlorophyll and it is present in 

chloroplasts. This is the second incident where an information is mentioned and/or illustrated 

differently at two different moments. The video must be consistent in representing and 

defining the different factors involved in the process of photosynthesis.  
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Video Title: Photosynthesis | Two Little Hands TV | Educational | Kids Songs  

URL: https://www.youtube.com/watch?v=xuivYRmIACM 

Duration: 2:23 

Views: 2M 

Synopsis: This song explains how leaves capture sunlight and perform gaseous exchange, how 

roots soak water, and how plants are green because of chlorophyll. 

 Graphics/Imagery (3)  Audio (2) Text (1) 

MC 1    

MC 2  At 0:42, plants are claimed to “breathe” as they 

“take in air and make it clean” for photosynthesis 

to occur. 

 

MC 3    

MC 4    

Implications and possible amendments: The expression “take in air an make it clean” implies 

that plants take in the bad gas (CO2) and release the good gas (O2) for humans to breathe – 

which is true for the process of photosynthesis. However, in the video, this process was 

defined as “breathing”. This definition suggests to the viewer the wrong conception that 

photosynthesis is the respiration inverse to that of humans, which is consistent with MC 2. 

 

https://www.youtube.com/watch?v=xuivYRmIACM
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Video Title: Photosynthesis for Kids - How plants make food - Animation Science  

URL: https://www.youtube.com/watch?v=_xeYNnzwpSE 

Duration: 2:58 

Views: 624K 

Synopsis: This video narrated by a little kid explains how plants make their own food using 

water absorbed by the roots to the leaves, carbon dioxide absorbed by stomata, and sunlight 

captured by chloroplasts. Plants use these three ingredients to make their food, sugar, and release 

oxygen.  

 Graphics/Imagery (3) Audio (2) Text (1) 

MC 1    

MC 2    

MC 3    

MC 4    

+  At 1:48, it is stated that chloroplasts are what give 

plants their green color. 

 

Implications and possible amendments: Most of the information mentioned in the video is 

academically correct, however, one detail must have been clarified further; it is not really 

chloroplasts that are responsible for the green coloration and the capturing of light, but the 

chlorophyll pigments present in those chloroplasts.  

Moreover, the video ends with a riddle asking if human beings also take in carbon dioxide and 

release oxygen like plants do. This question can serve as an interesting opening to the topic of 

plant respiration. However, this study is not responsible for any further content analysis of the 

answers and feedback in the comments section or other videos by the same channel, to see 

whether plant respiration is defined correctly and not confused with photosynthesis.   

https://www.youtube.com/watch?v=_xeYNnzwpSE
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Video Title: photosynthesis - video for kids  

URL: https://www.youtube.com/watch?v=68b1HAIfX08 

Duration: 3:09 

Views: 524K 

Synopsis: This video provides a somewhat advanced definition and explanation of the process of 

photosynthesis. It gives an extensive description of plant structure and how each part and subpart 

of plants aid in the movement, exchange, and/or intake of water, gas, and sunlight. The 

terminologies include xylem, phloem, stomata, mesophyll cells, light reflection, granum, 

thylakoid membranes, etc. hence, the video is more suitable for upper elementary and even 

middle school level because it tackles detailed structures and physical phenomena like light 

reflection and color theory which may be confusing to elementary learners.  

 Graphics/Imagery (3) Audio (2) Text (1) 

MC 1    

MC 2  At 0:50, it is stated that “leaves breathe-in 

carbon dioxide” 

 

MC 3    

MC 4    

Implications and possible amendments: The choice of the word “breathe” while describing the 

intake of carbon dioxide for photosynthesis suggests that photosynthesis is a respiration 

process in which carbon dioxide is taken in and oxygen is released, which is consistent with 

MC 2. In order not to confuse photosynthesis with plant respiration, it would be optimal to 

exclude terminology that refers to respiration while explaining the gaseous exchanges in 

photosynthesis specifically.  

https://www.youtube.com/watch?v=68b1HAIfX08
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Video Title: Relationship between Photosynthesis and Cellular Respiration  

URL: https://www.youtube.com/watch?v=rXzN89I4_Yk 

Duration: 3:28 

Views: 283K 

Synopsis: This video uses a cycle diagram to explain the relationship between photosynthesis 

and cellular respiration and how the waste product of one process is used to fuel the other.   

 Graphics/Imagery (3) Audio (2) Text (1) 

MC 1    

MC 2    

MC 3    

MC 4    

Implications and possible amendments: This video does not include any cue or misrepresented 

information that might lead to the formation of misconceptions by the viewer. The graphics, 

audio, and text are academically accurate.  

https://www.youtube.com/watch?v=rXzN89I4_Yk
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Video Title: To show that Sunlight is Necessary for Photosynthesis  

URL: https://www.youtube.com/watch?v=Yqo6-qDQoMA 

Duration: 2:44 

Views: 186K 

Synopsis: This video is a tutorial of an experiment that aims to show the role of sunlight in 

photosynthesis. It includes a list of material, the experimental process, and the results. 

 Graphics/Imagery (3) Audio (2) Text (1) 

MC 1    

MC 2    

MC 3    

MC 4    

Implications and possible amendments: This experimental video is represented accurately and 

includes no misinformation or cues that lead to the formation of misconceptions. However, the 

results part does not explain the reasoning behind the observation, but only states that the leaf 

did not change color when exposed to iodine because it was deprived from sun and therefore 

sunlight is necessary for photosynthesis. Therefore, the true role of sunlight is not clear. On the 

other hand, it would have been optimal to explain why such results were obtained and link 

them to the definition of the photosynthetic process: Iodine turns blue in contact with glucose. 

Since the leaf deprived from sunlight did not react to the iodine solution (unlike the leaf 

exposed to sunlight), the absence of glucose is proven. Glucose is the food that plant leaves 

make during photosynthesis. The absence of glucose in the leaf deprived from sunlight means 

that the process of photosynthesis did not happen in this leaf but did happen in the leaf 

exposed to sunlight. Hence, sunlight is necessary for photosynthesis because without it, no 

glucose is produced. 

https://www.youtube.com/watch?v=Yqo6-qDQoMA
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Video Title: Photosynthesis in plants for children - Natural Science for kids  

URL: https://www.youtube.com/watch?v=eAtmg8IhcUs 

Duration: 2:38 

Views: 87K 

Synopsis: The video defines photosynthesis as a process through which plants make their own 

food all while releasing oxygen and lists the factors it involves. It ends by explaining the 

difference between photosynthesis which only happens under sunlight and respiration that 

happens all day long.  

 Graphics/Imagery (3) Audio (2) Text (1) 

MC 1    

MC 2    

MC 3    

MC 4 It is shown on a diagram that plants use 

water, sunlight, and carbon dioxide to 

produce oxygen – without showing 

glucose. 

 

The video orally defines 

photosynthesis as the process 

through which plants make their 

own food. Then, it is immediately 

stated and shown on a diagram 

that plants use water, sunlight, 

and carbon dioxide to produce 

oxygen – without mentioning 

glucose. 

 

 

Implications and possible amendments: The act of mentioning the production of food through 

photosynthesis without identifying the true nature of this food (glucose), then stating that 

photosynthesis uses sunlight, water, and carbon dioxide to produce oxygen only, might 

suggest that this unidentified food is the oxygen, since it is the only product represented. This 

representation might also mean to the viewer that the only purpose of photosynthesis is the 

production of oxygen, which is consistent with MC 4.  

https://www.youtube.com/watch?v=eAtmg8IhcUs
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Video Title: Photosynthesis & Respiration in Plants  

URL: https://www.youtube.com/watch?v=ktIxIesu1U0 

Duration: 2:45 

Views: 69K 

Synopsis: The video defines photosynthesis, its factors, and products. It then defines plant 

respiration and shows the relationship between the two processes. 

 Graphics/Imagery (3) Audio (2) Text (1) 

MC 1    

MC 2    

MC 3    

MC 4    

+ At 0:18, it is illustrated that during 

photosynthesis, plants use water and 

carbon dioxide to produce sugar, their 

food.  

Sunlight and oxygen are not mentioned 

nor represented until 0:50 and on.  

 

The diagrams are also narrated 

orally.  

 

Implications and possible amendments: Although the video includes no false information, it 

might be confusing to young viewers to not mention sunlight and oxygen when defining 

https://www.youtube.com/watch?v=ktIxIesu1U0
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photosynthesis and only doing so while showing the photosynthesis equation. It would be 

optimal to mention all factors and products involved in the process at first, then discuss each. 
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Video Title: Photosynthesis  

URL: https://www.youtube.com/watch?v=2IuVPg5zRhg 

Duration: 2:02  

Views: 63K 

Synopsis: This is a short experimental video that shows the role of sunlight in photosynthesis by 

comparing two leaves submerged in water, where one is exposed to sunlight and the other is 

covered by a box. After a while, the leaf exposed to sunlight released oxygen marked by little 

bubbles on the leaf surface, while the other released no oxygen.  

 Graphics/Imagery (3) Audio (2) Audio (1) 

MC 1    

MC 2    

MC 3    

MC 4    

Implications and possible amendments: The video includes no falsely represented information 

that might lead to the formation of misconceptions. However, the experiment was not orally 

narrated and so the results obtained were not explained. It would have been optimal for the kid 

to explain how the leaf exposed to sunlight released oxygen, proving that it underwent 

photosynthesis, while the leaf left in the dark did not – to show that sunlight is essential for the 

activation of the process of photosynthesis.  

https://www.youtube.com/watch?v=2IuVPg5zRhg
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Video Title: Photosynthesis Song by Cg Sharifah Aziah 

URL: https://www.youtube.com/watch?v=FhhXMAmCkas 

Duration: 3:15 

Views: 10K 

Synopsis: This video is a cover remake of Fools Garden’s Lemon Tree. It explains the factors, 

products, and importance of photosynthesis in a fun familiar rhyme.  

 Graphics/Imagery (3) Audio (2) Text (1) 

MC 1    

MC 2    

MC 3    

MC 4    

+  The song states that 

photosynthesis requires 

chlorophyll, air, water, and 

carbon dioxide. 

The lyrics state that 

photosynthesis requires 

chlorophyll, air, water, and 

carbon dioxide. 

Implications and possible amendments: When addressing the factors required for the process 

of photosynthesis, the song mentions chlorophyll, air, water, and carbon dioxide. However, 

chlorophylls are not “required” for photosynthesis as they are pigments already present in the 

plant structure, which capture and welcome the actual substances required for the process. 

Moreover, carbon dioxide is the only air gas that plants need for photosynthesis. Therefore, 

mentioning “air” as a requirement for photosynthesis in addition to carbon dioxide is 

confusing and misleading. Additionally, photosynthesis cannot occur without the plant being 

exposed to sunlight. However, sunlight is not mentioned in the requirements for 

photosynthesis nor in the whole song. Overall, the song does not provide an accurate 

explanation of the requirements and needs of the plant for photosynthesis.  

Finally, the English language employed is not always accurate and includes syntactic and 

sentence formation errors rendering some ideas unclear, such as “without photosynthesis all 

the living things will decrease”.  

https://www.youtube.com/watch?v=FhhXMAmCkas
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Data analysis 

The extensive data description collected in the previous rubrics is summarized and represented in the below Microsoft  

Excel spreadsheet for optimal organization of information. The table consists of 15 columns, each addressing one specific aspect of each of the 

videos. This table organization facilitates the identification of any remarkable tendency, correlation, and pattern.  

Legend and codes  

G: Graphic clue   TMC: Total number of the four identified misconceptions  Light red (Type 1): Explanatory videos 

A: Auditory clue   TO: Total number of the three other added misconceptions   Light blue (Type 2): Experimental videos 

T: Textual clue   T(MC+O): Total number of all the misconceptions   Light green (Type 3): Song videos 

TPI: Total power index 

Table 1 Microsoft Excel Spreadsheet organizing data collected from the ten videos 

Video Type Duration Views MC1 MC2 MC3 MC4 Water Chloroplast Element dismissal TMC TO T(MC+O) TPI

1 1 3:41 2.3M 2G+2A=10 G+A=5 A=2 1 2 3 17

2 3 2:23 2M A=2 1 0 1 2

3 1 2:58 624K A=2 0 1 1 2

4 1 3:09 524K A=2 1 0 1 2

5 1 3:28 283K 0 0 0 0

6 2 2:44 186K 0 0 0 0

7 1 2:38 87K G+A=5 1 0 1 5

8 1 2:45 69k G+A=5 0 1 1 5

9 2 2:02 63K 0 0 0 0

10 3 3:15 10K T+A=3 0 1 1 3

The four identified MC The three added MC

(type and influence of cues) (type and influence of cues)
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This section first extensively dissects the table column by column then lists the collected 

data while revealing possible patterns. Hereafter is a description of the purpose of each column.  

• Column 1 “Video”: The 10 videos numbered in order of descending number of views  

• Column 2 “Type”: Videos categorized into 3 types of content: (1) explanatory; the video 

is explaining the concept of photosynthesis, (2) experimental; the video portrays an 

experiment related to the concept of photosynthesis, and (3) song; the video is a song 

about the concept of photosynthesis 

• Column 3 “Duration”: Duration of the videos 

• Column 4 “Views”: Number of views each video has 

• Column 5 “MC 1”: The presence and influence power of graphic (G), auditory (A), 

and/or text (T) cues that might lead to the formation of the first identified misconception  

• Columns 6 “MC 2”, 7 “MC 3”, and 8 “MC 4”: Same role of column 5, each for its 

respective misconception  

• Columns 9 “Water”, 10 “Chloroplast”, and 11 “Element dismissal”: The presence and 

influence power of graphic (G), auditory (A), and/or text (T) cues that might lead to the 

formation of each of the three new misconceptions identified by the study  

• Column 12 “TMC”: Number of times one of the four previously identified 

misconceptions was suggested by each video 

• Column 13 “TO”: Number of times one of the three newly identified misconceptions was 

suggested by each video  

• Column 14 “T(MC+O)”: Number of times any misconception (previously or newly 

identified) was suggested by each video  

• Column 15 “TPI”: Total power index of all misconceptions suggested by each video  
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Types 

In total, the list contains 6 explanatory videos, 2 experimental videos, and 2 songs. The three 

video types are color coded for visual discrimination: explanatory videos in light red, 

experimental videos in light blue, and songs in light green.  

Duration and views  

The durations of the videos range between 2:02 and 3:41, and the views from 10 thousand to 2.3 

million. No correlation seems to exist between the video duration and the number of views. 

The four identified misconceptions  

Misconception 1 

None of the videos include any cue that might cause the viewer to erroneously conceptualize that 

plants only undergo photosynthesis and do not breathe.  

Misconception 2 

2 out of the 10 videos (Videos 2 and 4) contain each only one auditory cue that suggests that 

photosynthesis includes a breathing pattern that is inverse to that of humans, as plants take in 

CO2 and release O2, and that through the use of the verbs “breathe, breathe in, and take in”. 

Another video (Video 1) includes two auditory cues mentioned at two different instances and 

accompanied by two respective graphic cues that fortify the auditory misinformation by showing 

an inflation/deflation animation of leaves, mimicking lung behavior when breathing. Hence, the 

influence power of MC 2 in both Videos 2 and 4 is 2. However, in video 1, the influence power 

is much greater and sums to 10, as the video includes 2 graphic (2*3) and 2 auditory (2*2) cues.  

All three videos are in the first half of the list (first, second, and fourth), making them three of 

the most viewed videos. Altogether, the three videos tally a total sum of about 5 million views, 



38 
 

indicating a substantial extend of misconception spreading. Remarkably, Video 1 alone 

suggested MC 2 with a 10-power index to over 2.3 million viewers.  

Misconception 3 

None of the videos include any cue that might cause the viewer to erroneously conceptualize that 

the food that plants consume is limited to the water and nutrients absorbed by its roots.  

Misconception 4 

The 7th video from the list states and shows that plants make food when they photosynthesize but 

only mentions oxygen as the product of the process, and that through visual (3) and auditory (2) 

cues. Hence, the video watched over 87 thousand times falsely suggests that oxygen is the sole 

product of photosynthesis with an influence power of 5.  

4 out of the 10 videos (1, 2, 4, and 7) include clues that suggest only one of the four latter 

misconceptions. In total, about 5.8 million viewers have encountered erroneous or 

misrepresented information that might lead to the formation of at least one of the four 

misconceptions. More specifically, 3 out of those four videos are among the top 5 most watched 

videos with about 5 million views in total. Additionally, the discrepancy between MC 1 and MC 

2 could mean that since the videos are representing photosynthesis as a pattern of respiration, the 

assumption that plants do not breathe is nonexistent in the videos.  

Additional misconceptions  

In addition to the four misconceptions previously identified in the study, the process of 

data collection has shed light on other erroneous or misrepresented information in the videos. 

These false facts are closely related to the concept of photosynthesis and therefore directly affect 

how viewers perceive and understand the concept. They are organized into three categories on 

columns 9, 10, and 11: 
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- Water: videos suggest that water can be absorbed from the leaves 

- Chloroplast: videos confuse chloroplasts with chlorophyll by defining them as the green 

pigment that captures sunlight 

- Element dismissal: videos fail to mention the complete set of factors involved in the 

process of photosynthesis 

The water misconception is only encountered in Video 1 (2.3M views) with graphic (3) and 

auditory (2) cues and has an influence power of 5.  

The chloroplast misconception is identified in Videos 1 and 3 (total of 3M views), each with 

only one auditory cue, making the influence power of the misconception 2 in both of the videos.  

The element dismissal misconception is seen in Video 8 (69K views) where sunlight and oxygen 

are not mentioned when the video first graphically (3) and orally (2) defines the process of 

photosynthesis (but are mentioned later when the video explains the simplified process 

equation), and Video 10 (10K views), where the role of sunlight was completely ignored through 

audio (2) and text (1). Hence, the element dismissal misconception has an influence power of 5 

in Video 8, and 3 in Video 10.  

In other words, 3 out of 10 videos (3, 8, and 10) suggest only one of the three added 

categories of misconceptions, with a total of over 700 thousand views. Only the first most 

watched video (2.3M views) includes cues suggesting for 2 misconceptions, each from a 

different category. In total, 4 of the videos cue for at least one of the three latter misconceptions.  

Total misconceptions in videos 

7 out of the 10 videos (Videos 1, 2, 3, 4, 7, 8, and 10) include at least 1 cued potential 

misconception – be it from the initial set of four misconceptions, or from the three added 

categories. Videos 2, 3, 4, 7, 8, and 10 each include cues to only one misconception from either 
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set. Remarkably, Video 1, the most watched video with over 2.3 million views, is the only video 

including cues for 3 misconceptions in total.  

Video content type  

Out of the 6 explanatory videos (1, 3, 4, 5, 7, and 8), only one does not include cues 

suggesting a misconception (Video 5; 283K views). The first video, as stated earlier, suggests a 

total of 3 misconceptions, while the other four videos cue to 1 misconception each. In total, the 

explanatory videos include cues for 7 misconceptions: 3 from the initial set of four, and 4 from 

the added categories, and have a total of 3.9 million views. Moreover, both videos constituting 

the experimental content type (Videos 6 and 9) do not include cues that lead to any of the 

misconceptions and are collectively watched by around 250 thousand viewers. Additionally, both 

videos in the song category cue to 1 misconception each. Video 2, with over 2 million views, 

cues for MC 2 while Video 10, with 10 thousand views, involves an element dismissal 

misconception.  

Multimodal influence power of videos 

As previously explained, 7 out of 10 videos (Videos 1, 2, 3, 4, 7, 8, and 10) include at 

least 1 cued potential misconception. These 7 videos suggest a total of 9 misconceptions, each 

cued by a different combination of video dimensions. Seeing as each dimension has a different 

level of influence, all erroneous cues are calculated to find the total influence power of all 

misconceptions in each video. The total power index of misconception influence in the 10 videos 

range between 0 (no misconception cues) to 17, with a TPI mean of 3.6. All 9 misconceptions 

are suggested by at least one auditory cue, giving the 7 previously identified videos a minimum 

influence power of 2. Consequently, 3 videos (Videos 2, 3, and 4) have an TPI of 2 since they 

include each only one auditory cue. Video 10 includes one auditory and one textual cue, giving it 
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a TPI of 3). Videos 7 and 8 include each one graphic and one auditory cue, hence, both have a 

TPI of 5. Finally, Video 1, which happens to be the most viewed video with over 2.3 million 

views, includes in total 3 graphic and 4 auditory cues, giving it a total power of misconception 

influence of 17, remarkably higher than those of the rest of the videos.  

Misconception spread in terms of video views  

Overall, the five most viewed videos with a total number of views exceeding 5.7 million, suggest 

a total of 6 misconceptions with a combined influence power of 23. In contrast, the second half 

of the list contains videos viewed less than half a million times, which together cue for 3 

misconceptions in total with an influence power of 13.  

Discussion  

The aim of this study is to know whether instructional elementary-level YouTube videos 

on photosynthesis are promoting the spread of misconceptions related to the concept.  

Remarkably, out of the four most common misconceptions identified in the literature, 

only two are encountered in the videos. MC 2 discovered by Canal (1999) and defining 

photosynthesis as an inverse respiration is the mostly cued for misconception, occurring in three 

of the videos from the first most viewed half of the list. Additionally, MC 4 identified by Stern et 

al. (2018) and stating that the sole purpose of photosynthesis is the production of oxygen 

occurred once. Hence, it is clear that elementary-level instructional YouTube videos on 

photosynthesis are strongly contributing to the spread of two of the most common photosynthesis 

misconceptions identified by Canal (1999) and Stern et al. (2018). Nonetheless, the videos also 

include cues to misconceptions related to the growth of plants, which might hinder the 

understanding of the concept of photosynthesis. The latter results confirm the claims of 

Wandersee et al. (1994) stating that the media is a main source of misconception spread.  
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Additionally, most of the high-influence misconception cues occur in the first five most 

viewed videos. These findings are in accordance with those of Ataç et al. (2020) who claim that 

the video power index (VPI) and view count of misleading videos are substantially higher than 

those of videos with more accurate content. More specifically, the first video on the sample list 

which has over 2.3 million views is the video with the greatest number of misconception cues 

and highest influence power over the viewers’ cognition. Hence, this video alone contributes to a 

high spread of misinformation about photosynthesis amongst elementary-level learners.  

Moreover, while previous literature including Cruse (2006) and Snoek and Worring 

(2005) identifies the auditory dimension to be the second most influential modality of a video 

next to the graphic dimension, in this study, auditory content cues appear to be the most 

prominent cause of misconception spread since all nine identified misconceptions are suggested 

by at least one auditory cue. This observed trend could possibly explain why both videos that 

solely film an experimental process and include minimal narration and other content cues, do not 

suggest any misconception. In other words, if the two experimental videos were to include more 

context cues, it is not conclusive that they might still be free from misconception-causing cues.  

On another hand, out of the eight explanatory and song videos that included all multimodal 

context cues, only one video with 283 thousand views did not include any misleading cues, as 

compared to nine misconceptions cued by seven videos, and watched by over 5.6 million 

viewers. These numbers further validate the claim of Ataç et al. (2020) since videos with false 

content are more viewed than videos with accurate content. 

Hence, to answer the research question put forward by this study, it is clearly shown that 

instructional YouTube videos are substantially spreading potential misconceptions about 
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photosynthesis among a great number of elementary-level learners and viewers, especially 

through inaccurate auditory content cues.  

Conclusion and recommendations  

The results of this study provide a clear but deceiving answer to the initial research 

question. Unfortunately, when it comes to elementary-level instructional videos uploaded on 

YouTube, a large number of misinformation is being shared and viewed by millions of young 

learners. The results of this study prove that YouTube videos are in fact a much fertile 

instructional medium in causing learners to form erroneous misconceptions about 

photosynthesis. Hence, in order to ameliorate the use of YouTube videos as a means of 

instruction, it is crucial for an extensive academic review evaluation to be conducted.  

Although YouTube (n.d.) claims to detect the presence of misinformation in the content 

being shared on its platform, the results of several studies, including this one, strongly refute this 

claim as a substantial number of false information is constantly being uploaded on the platform 

(Ataç et al., 2020). However, when it comes to specific academic content, it might not be 

practical for YouTube to conduct extensive reviewing of all academic instructional videos being 

shared on its platform. In fact, the review of academic content must be conducted by reliable 

experts in the corresponding fields. For instance, in their article, Reina et al. (2021) analyze the 

effectiveness of a university-directed YouTube channel (CADMIO) posting instructional videos 

for first year Chemistry undergraduates. They reveal that before releasing any video, CADMIO 

conducts a thorough peer review of the academic content and audiovisual formatting of the 

videos using an evaluation checklist which influenced the development of this study’s 

interdisciplinary analytical rubric. Hence, it is crucial for instructional YouTube channels to 

conduct a similar expert analysis of the visual, auditory, and visual print academic content 
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presented in their videos before uploading them to the public and causing the spread of potential 

misconceptions.  

Moreover, it is also necessary for educators, including teachers, parents, curriculum 

developers, and lesson planners to choose their instructional videos wisely if they want to limit 

the risk of misconception formation among learners. First, the educator must identify the 

prominent misconceptions related to their concept to be taught either through evidence-based 

information from reliable research or through personal experience such as diagnostic and/or 

formative assessments conducted in the classroom prior to and/or during instruction. Once the 

misconceptions are identified, the educator must make sure the content of the video to be used 

during instruction is accurate and free from the latter misconceptions. To do so, they can use this 

study’s interdisciplinary rubric to evaluate the accuracy of the content being delivered visually, 

auditorily, and textually, and make sure there are no misleading cues that might cause their 

learners to form any misconception.  

Finally, by providing individual detailed insight into the accuracy of the academic 

content presented in ten of the most viewed elementary-level instructional YouTube videos on 

photosynthesis, this research highlights the importance of reviewing a video’s content and the 

way it is delivered before publishing it or choosing it for instruction.  

Limitations  

Although this study provides new valuable insight concerning the presentation of the 

concept of photosynthesis in instructional elementary-level YouTube videos and the impact of 

the noncareful selection and use of such videos during instruction, the results of this study might 

not be generalized further due to several factors. 
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First, due to the limited timespan of four months allocated to this research, a sample of 

the ten most viewed short videos under 4 minutes was selected for analysis. Although studies 

such as Brame (2016) have identified that learners tend to better comprehend the information 

presented in short videos, this does not mean that longer videos are not also being used during 

instruction. Hence, the sample of this study dismisses all elementary-level instructional YouTube 

videos of 4+ minutes, even though the study population is not restricted to a specific video 

length. Therefore, the obtained results cannot be generalized to all elementary-level instructional 

YouTube videos on photosynthesis, e.g., the study’s population, but only those that do not 

exceed a 4-minute duration.  

Furthermore, as previously elaborated, the results of this study lack reliability due to 

possible changes related to time and location of the study and are highly likely not to be obtained 

by another researcher even if they replicate the same methods put forward by this study.  

Hence, although the results of this study reveal remarkable patterns about the 

substantially high spread of photosynthesis misconceptions in instructional elementary-level 

YouTube videos, they are only conclusive to the specific framework of this study. Thus, 

specifically, the conclusion that elementary-level instructional YouTube videos are substantially 

spreading potential misconceptions about photosynthesis among a great number of viewers, 

especially through inaccurate auditory content cues, is true for short videos selected in Beirut, 

Lebanon, around May of 2022.  

Moreover, the content analysis was conducted by only one evaluator. This signifies that 

the data collection process is subject to several biases related to the evaluator’s own perception 

of false and accurate information. In fact, although the evaluation process is backed by extensive 

research, the evaluator cannot be considered an expert in the field of photosynthesis.  
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Perspectives for future research  

This study provides valuable and remarkable insight into the presentation accuracy of the 

concept of photosynthesis in instructional elementary-level YouTube videos and the impact of 

the noncareful selection and use of such videos during instruction. In fact, elementary-level 

instructional YouTube videos are substantially spreading potential misconceptions about 

photosynthesis among over five and a half million viewers, especially through inaccurate 

auditory content cues. However, there remains several aspects related to this research that are 

worthy of exploration and that might provide even deeper, more accurate findings.  

First, since this study was only able to assess the content of the ten most viewed short 

videos, future studies can try to broaden the sample to include a greater number of videos of a 

wider range of duration, hence making the results more conclusive and generalizable to the set 

population. Moreover, it would also be interesting to compare the data obtained from short and 

longer videos and look for remarkable patterns related to the prevalence of misconception cues in 

each video duration range.  

Moreover, none of the ten videos selected by this study is uploaded by a verified channel. 

Nonetheless, people tend to trust information shared by accounts that are verified, rather than 

that shared by non-verified accounts (Morris et al., 2012). To be eligible for verification on 

YouTube, a channel must have at least one hundred thousand subscribers, be authentic 

(represents the true owner(s)), and be complete (is active, includes a display picture, banner, and 

description) (Google, 2022). Thus, since minimal content evaluation is needed for authentication, 

leaving the credibility-authenticity relation unguaranteed, it would be interesting for future 

research to study whether the presence of misconception cues is related to the verification (or 

not) of the respective channel. The results of such a study would provide the audience of students 
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and/or educators with insight into identifying the criteria of a credible channel, helping them in 

the process of material selection for study and/or instruction.  

Finally, the aim of this study is relatively new and had not been explored by previous 

studies. Hence, this research paves the way for other researchers willing to investigate the 

prevalence of photosynthesis misconception cues in elementary or higher-level instructional 

YouTube videos, or similar digital instructional mediums.  
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Appendices  

Content analysis rubric template  

Video Title:  

URL:  

Duration:  

Views:  

Synopsis:  

 Graphics/Imagery (3) Audio (2) Text (1) 

MC 1    

MC 2    

MC 3    

MC 4    

Implications and possible amendments:  
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