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Abstract 

Critical reading of scientific literature is a fundamental skill for undergraduate students in the life sciences. While traditional 

pedagogical approaches largely focus on direct instruction, reflective writing, and pre/post assessments, less is known about how 

repeated experiential engagement with primary literature—through tasks such as oral presentations and structured 

self-evaluation—shapes the development of accurate self-assessment and critical reading skills over time. The methodological 

approach of this study uses longitudinal comparison of self-ratings and instructor grades to follow undergraduate biotechnology 

students over two consecutive semesters during which they presented scientific articles and completed self-rating questionnaires. 

Instructor evaluations and student self-assessments were compared across semesters, with a specific focus on differences 

between high- and low-achieving students. Although no significant differences were found between the grades assigned by the 

instructor for the two semesters, the students—particularly the high-achieving ones—demonstrated improved self-calibration 

over time, as evidenced by a decreasing gap between their self-ratings and the grades they received from the instructor. Over 

time, low-achieving students continued to overestimate their performance on overall self-assessments, but showed growing 

awareness of specific difficulties, suggesting that while global self-assessment accuracy may be slower to develop, 

metacognitive insight can still emerge through structured reflection. The concurrent shift in students’ perceptions regarding 

which sections of a paper were the most difficult to understand—from the Introduction in the first semester to the Results and 

Discussion sections in the second—indicated deeper engagement with the structure and demands of scientific texts over time. 

These trends, together with increased student confidence and decreased anxiety about presenting, underscore the importance of 

repeated experiential learning, feedback, and reflection for fostering both critical reading skills and self-regulated learning. 
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1. Introduction 

Critical understanding of research articles and accurate 

presentation of scientific results are fundamental skills for 

life-science careers [1]. Critical reading of research articles 

requires familiarity with article structure and the conventions 

of scientific writing, knowledge of technical terms, under-

standing of experimental procedures, and the ability to inter-

pret data analyses. Based on the information presented in an 

article, critical readers can judge if the controls for experi-

ments were set properly, compare their independent interpre-

tations of the results with the ones presented in the paper, and 

identify avenues for further research. Critical reading requires 

professional knowledge and experience that is not expected 

from undergraduates, but reading of primary scientific liter-

ature during undergraduate studies can help undergraduate 

students to develop critical thinking skills, when it is ac-

companied by supervision and instruction [2, 3]. The im-

portance of exposing undergraduates to scientific publications 

is recognized internationally and such material is included in 

science-education curricula around the world. The ability to 

read and understand scientific articles is necessary for both 

lifelong learning and short-term employability [4, 5]. 

Along with critical-thinking skills, effective communica-

tion skills are also in high demand in the job market and are 

considered skills that should be developed during academic 

studies [6, 7]. Students recognize the importance of devel-

oping effective communication skills, since such skills may 

help broaden their employability [8]. Effective communica-

tion skills include the ability to present information orally, in a 

concise, understandable, and confident manner. Oral presen-

tations of scientific literature usually follow the paper’s 

structure and include an introduction, followed by a discus-

sion of the methods used, the results obtained, and the sig-

nificance and implications of those results. For inexperienced 

undergraduates, oral presentation of scientific papers in front 

of peers and instructors presents many challenges [9]. 

Approaches to exposing undergraduates to primary liter-

ature tend to focus on reading and writing assignments [2, 3, 

10] or on journal club and seminar presentations of pub-

lished literature [9, 11, 12]. These approaches have been 

shown to improve students’ confidence regarding their un-

derstanding of primary literature and to enhance their criti-

cal-thinking skills [13]. Those outcomes are usually assessed 

using questionnaires [14] or pre- and post-session tests [3]. 

Training students in reading primary literature has been 

found to improve their comprehension and critical-thinking 

skills over time [3, 15]. 

Research on students’ oral presentations shows that these 

presentations promote self-awareness and aid the develop-

ment of self-regulation, which are both necessary profes-

sional skills [16]. In the context of learning, self-regulation 

is defined as the ability to identify academic strengths and 

weaknesses and the capacity to target and improve weak 

areas [17, 18]. Zimmerman’s model of self-regulated 

learning conceptualizes learning as a cyclical process in-

volving forethought, performance monitoring, and 

self-reflection [24]. By engaging students in repeated cycles 

of planning, presenting, and evaluating their performance, 

the structure of this study supports the development of 

metacognitive skills central to Zimmerman’s framework. 

However, as observed in this and previous studies, not all 

students benefit equally from such reflective opportunities. 

In particular, the Dunning-Kruger effect helps explain why 

low-performing students often overestimate their abilities 

due to limited metacognitive awareness, while 

high-achieving students tend to make more accurate or even 

conservative self-assessments [20, 21]. This disparity sug-

gests that while all students are exposed to the same learning 

and feedback processes, the degree to which they can effec-

tively regulate and recalibrate their self-perceptions differs. 

This theoretical contrast highlights the need to observe how 

students' self-assessment patterns evolve over time in au-

thentic academic tasks—yet few studies have systematically 

tracked students' self-ratings across multiple presentations 

of scientific literature to examine the longitudinal devel-

opment of their critical-thinking and self-regulatory abilities. 

This study contributes to that gap by examining how re-

peated experiential engagement—through structured oral 

presentations and reflective self-assessment—supports the 

longitudinal development of critical reading and 

self-evaluation accuracy among undergraduate students. 

2. Materials and Methods 

2.1. Participants 

Forty-six students were enrolled in the first-semester course 

and 58 students were enrolled in the second-semester course. 

Thirty-eight students participated in both courses, gave their 

consent to participate in this study, and completed the 

self-rating questionnaires each semester. 

2.2. Presentation Requirements 

Students were asked to choose one research paper ad-

dressing basic scientific research that was published within 

the last 5 years in a peer-reviewed journal with an impact 

factor of 3 or higher. They were asked to read the paper and 

then give an oral presentation about it. The oral presentation 

needed to be accompanied by a PowerPoint presentation that 

included an introduction, the research aim or hypothesis, the 

overall experimental design, three major results, and a con-

clusion slide. Guidelines were presented to the students prior 

to the presentation dates, along with examples of common 

mistakes and tips for successful presentations. The presenta-

tion time was set for 10 minutes, with an additional 10 

minutes for questions from the audience and the instructor. 

http://www.sciencepg.com/journal/sjedu


Science Journal of Education http://www.sciencepg.com/journal/sjedu 

 

96 

Students were required to complete a self-rating question-

naire no later than 1 week after their presentation. Students’ 

comments and answers to the questionnaire were not viewed 

until both semesters had ended and all grades had been as-

signed. In the first semester, students could choose to present 

alone or in pairs. During the second semester, presentations 

were given online in synchronous lessons. 

2.3. Instructor Evaluation 

The presentation evaluation included the following subjects, 

which were each assigned a relative weight: 

1) Presentation content according to the given rubric, 35% 

2) Delivery of presentation, with an emphasis on continuity 

and the flow of the talk, avoidance of reading prepared 

notes, and direct connection between slide content and 

communication with the audience: 35% 

3) Answers to questions from the audience and instructor: 

30%. 

The instructor’s evaluation rubric was published on the 

course website prior to the talks. During the first semester, 

students received written feedback from the instructor two 

weeks after their presentation, after they had completed the 

self-rating questionnaire. Final grades for the first course were 

published between the semesters, prior to the beginning of the 

student presentations in the second semester. 

2.4. Self-Assessment Questionnaire 

The questionnaire included six multiple-choice questions 

and one optional, open-ended question. The multiple-choice 

questions included three 4-point Likert-scale questions, two 

closed questions in which paper sections were chosen from a 

pull-down menu, and one self-evaluation question that asked 

students to rate their talk using a 10-point pull-down scale 

ranging from 50 to 100. 

In the second semester, an additional yes/no question was 

added to the questionnaire: Do you think that filling in the 

self-rating questionnaire in the previous semester helped you 

in any way in the current course? An English translation of 

the questionnaire is presented as Supplementary File 1. 

2.5. Statistical Analysis 

Statistical analysis was performed using Excel and R 

Studio (version 4.3.1). Data are presented as means ± 

standard error of mean (SE) or standard deviation (SD). 

Paired two-sample t-tests were used to compare groups 

between semesters and two-sample t-tests were used to 

compare data within the same semester. Spearman correla-

tions were used to check for correlations between students’ 

answers. p-values of less than 0.05 were considered statis-

tically significant. 

 

3. Results 

3.1. No Difference in Instructor Grades Between 

Semesters 

Initially, instructor grades were compared between semes-

ters. No statistically significant differences were observed 

between the final grades given in the first and second semester, 

between the grades of women and men, or between the grades 

of students from different ethnic groups (Table 1). For stu-

dents who took both courses, there was no trend of im-

provement or decline in students’ grades between the semes-

ters. In the second semester, 32% of the students received 

grades that were within 3 points of their previous grade, 34% 

received a grade that was three or more points lower than the 

grade they received in the first semester, and 34% of the stu-

dents received a grade that was three or more points higher 

than the grade they received in the first semester. 

Table 1. Average instructor grades for the entire class in the first and 

second semesters. 

 
First semester av-

erage grade ± SD 

Second semester av-

erage grade ± SD 

Women 90 ± 7 (n = 35) 90 ± 9 (n = 46) 

Men 89 ± 9 (n = 11) 91 ± 5 (n = 12) 

Arab ethnicity 90 ± 7 (n = 29) 89 ± 9 (n = 37) 

Jewish ethnicity 90 ± 8 (n = 17) 92 ± 5 (n = 21) 

3.2. Students Identified the Results Section as 

the Most Difficult to Understand 

Students were asked to rate which part of the research paper 

was the easiest for them to understand and which was most 

difficult. Similar to what was observed by Hubbard and 

Dunbar [1], in this study, the students stated that the Results 

section was the most difficult for them to understand and 

found the aim of the research easiest to understand. The per-

centage of students who chose the Results section as being 

most difficult to understand increased from 32% to 43% in the 

second semester. One of the course requirements was to out-

line the experimental design used in the study reported in the 

chosen paper, according to the Results section. Students found 

this very challenging (32% in the first semester, 34% in the 

second semester), indicating again that the Results section 

was the most difficult section for them to understand. Another 

shift was noticed in students’ perception of the Introduction as 

difficult to understand. During the first semester, 26% of the 

students reported that the Introduction was the most difficult 

section to understand. This number dropped by half to 13% 

during the second semester. It should be noted that students 
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were not asked to present the Methods section and were not 

asked about their ability to understand that section. 

3.3. Adjustment of Student Self-Rating Between 

Semesters 

No later than 1 week after their presentation and before 

receiving written feedback from the instructor, students were 

asked to fill out a self-rating questionnaire (Supplementary 

File 1). Two weeks after their presentation, students received 

written feedback from the instructor, which did not include a 

numeric grade. A final course grade was published for the first 

course before the beginning of the second one. Students’ 

answers to the questionnaires were analyzed only after both 

courses had ended. 

Among the students who presented papers both semesters 

(n = 38), a difference was observed in the self-ratings during 

the two semesters. In the first semester, these students’ 

self-rating grades were, on average, 6 points lower than the 

grades they received from the instructor (p < 0.01), but in the 

second semester, their ratings were, on average, only 4 points 

lower than the grades assigned by the instructor. This differ-

ence between the semesters was not statistically significant (p > 

0.05), but may still suggest that students who participated in 

self-rating and received a written and numeric grade from the 

instructor for their first presentation were better able to assess 

their subsequent performance. It should be noted that the 

students rated themselves by choosing a number between 50 

and100 that was a multiple of 10 (e.g., 50, 60, 70); whereas 

the instructors’ grade was not necessarily a multiple of 10 

(e.g., 84, 79, 63). This may also explain some of the differ-

ences between the self-ratings and instructor-assigned grades. 

3.4. Analysis of Upper and Lower Quartile 

Responses 

Further analysis of the students’ responses during the two 

semesters concentrated on the upper and lower quartiles of 

class grades, in which trends were more apparent. The dif-

ference between the upper and lower quartiles of instruc-

tor-assigned grades was statistically significant (p < 0.001). 

Four of the 10 students in the upper quartile kept their position 

in both semesters and 4 of the 9 students in the lower quartile 

remained in that quartile for both semesters. 

 

Figure 1. Instructor grades (gray bars) and students’ self-ratings (light-blue bars) of their talks in the first and second semesters, for the lower 

(n = 9) and upper (n = 10) quartiles only. Error bars represent SE. 

In both semesters, students from the upper quartile assigned 

themselves grades that were significantly (p < 0.05) lower 

than those they received from the instructor, although this 

difference decreased in the second semester (Figure 1), indi-

cating the ability to calibrate self-evaluation after one se-

mester. Students of the lower quartile did not underestimate 

their grades in the first semester and, in the second semester, 

the lower-quartile group tended to overestimate their per-

formance with respect to the instructor grade (Figure 1, p > 

0.05). These results are congruent with those of other studies 

[19, 20], which have shown that students with higher grades 

tend to underestimate their performance; whereas students 

with lower levels of achievement tend to overestimate in 

self-rating. These results also indicate that the students with 

the lowest class grades did not demonstrate an ability to re-

calibrate their grades after one semester. 

3.5. Critical Reading Development as Assessed 

Through Answers to Short Reflective 

Questions 

Students were asked to rate the ease of finding a scientific 

paper for their presentation and the ease of understanding the 

paper that they chose, using a scale of 1 (very easy) to 4 (very 
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difficult). In the first semester, students in both the upper and 

lower quartiles reported similar values for the ease of finding 

a paper. However, during the second semester, upper-quartile 

students were more likely to say that it was easy to find a 

paper (p > 0.05, Figure 2). 

A difference in students’ reported understanding of the 

papers was also noted between the semesters. In the first 

semester, students who received relatively low grades from 

the instructor reported that it was relatively easy for them to 

understand the papers that they chose, as compared to their 

peers who received the highest grades in the course. However, 

this difference was not statistically significant. In the second 

semester, students from the lowest quartile were significantly 

more likely to report that it was difficult to understand the 

paper, as compared to their peers who received the top grades 

in that class. The students who got top grades during the 

second semester were significantly more likely to report that it 

was relatively easy for them to understand the papers they 

chose, as compared to those who got top grades during the 

first semester and as compared to their peers who received the 

lowest grades for the second semester (Figure 2). 

Correlation analysis of students’ ratings of their talks sup-

ported the differences seen in the reported ease of under-

standing the papers (Table 2). Only during the second se-

mester, significant medium-level correlations were found 

between instructors’ grades and students’ self-ratings of their 

talks. This correlation was corroborated by students’ ratings of 

their PowerPoint presentations (“Presentation” in Table 2). In 

addition, a medium-level negative correlation was found 

between students’ rating of their understanding of the paper 

they chose to present and grades they received from the in-

structor. That is, students who noted difficulties in under-

standing the paper (3 or 4 on the Likert scale) received lower 

grades for the course. 

 
Figure 2. Ease of finding a research paper and understanding it during the first and second semesters, among students in the upper (light blue, 

n = 10) and lower (gray, n = 9) grade quartiles. Student responses were given on a scale of 1-4: 1 = very easy; 4 = very difficult. Error bars 

represent SE. 

Table 2. Rho values for Spearman correlation analysis of upper- and lower-quartile answers in the second semester. 

 Instructor Self-rating Presentation Understand Find 

Instructor 1     

Self-rating 0.61** 1    

Presentation 0.15 0.53* 1   

Understand -0.55* -0.39 0.02 1  

Find -0.19 0.18 0.32 0.00 1 

Instructor = grade given by the instructors; Presentation = students’ ratings of how well their PowerPoint presentations adhered to the guide-

lines; Understand = students’ rating of their understanding of the paper; Find = students’ rating of the ease of finding a suitable paper for their 

talk. *p < 0.05; **p < 0.01. 
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3.6. Thematic Analysis of Students’ Remarks 

The only open-ended question in the questionnaire was ti-

tled “Remarks” and was optional. In the first semester, 35% of 

the students chose to add a remark. In the second semester, 26% 

did so. In the first semester, the students’ comments concen-

trated on four main topics: being nervous and stressed, the 

process of preparing for the presentation, the time constraints 

for the talk, and self-congratulation (Table 3). As noted in the 

Methods section, students could choose to present in pairs 

during the first semester. Therefore, some of the remarks in 

the questionnaires were in plural form, even though the stu-

dents filled out the questionnaire individually. 

Table 3. Students’ remarks during the first semester. 

Topic Incidence Example 

Stress, nervousness 44% 
I was a little nervous at the beginning…I remembered the time constraints…I gave everything I 

could, but I expected to be calmer. 

Preparation process 38% 
Our main effort in making the presentation was to analyze the paper and summarize it, to make it 

accessible for someone who did not read it… 

Time allotted for 

talk 
31% I know the talk took more than 10 minutes; that’s because of my seriousness regarding my work… 

Self-congratulation 31% 
I think we did a good job and the presentation was clear, accessible, easy to understand and aesthet-

ic… 

Remarks are translated from the original Hebrew. 

During the second semester, the topic of stress and excitement did not come up in the remarks. However, two additional topics 

did come up, as presented in Table 4. During the second semester, students gave their talks online. 

Table 4. Students' remarks during the second semester. 

Topic Incidence Example 

Preparation process 31% 
I had difficulties in understanding the Introduction and had to search more to understand more. I 

didn’t have to do these things in the first semester…. 

Time allotted for 

talk 
31% 

I think more time is needed for the talk because choosing to present a new topic is interesting, but 

requires more time to explain. 

Self-congratulation 15% 
I think I gave a good and interesting presentation, even though the discussion was hard to under-

stand, I did my best to convey clearly even the part that was difficult for me… 

Presenting online 38% 

Presenting online was really challenging, even harder than giving a talk in class because for me 

personally it was hard not to feel the class and I think it is boring for the audience to only look at the 

presentation and listen…. 

Course summary 23% 
The presentation we gave in the first semester and the instructions and remarks were very helpful for 

presenting a paper according to guidelines.  

Remarks are translated from the original Hebrew. 
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3.7. Students' Impressions Regarding the 

Helpfulness of Having Completed the 

Self-Rating Questionnaire for the First 

Semester 

In the second semester, an additional yes/no question was 

added to the questionnaire: Do you think that filling in the 

self-rating questionnaire in the previous semester helped you 

in any way in the current course? Sixty-six percent of the 

students answered yes. There was no correlation between the 

answer to this question and any of the other questions and yes 

and no answers were equally distributed across the entire 

range of grades. 

4. Discussion 

The current study offers unique insights into how under-

graduate students with little to no prior experience in critically 

reading scientific literature develop more accurate 

self-assessment abilities over time. Unlike previous studies 

that have emphasized direct instruction, reflective writing, 

and traditional forms of assessment [2, 3], this research high-

lights the role of experiential learning—specifically article 

presentations and structured self-evaluation—in promoting 

critical reading skills. Furthermore, it identifies distinct 

self-regulation patterns among different groups of students. 

Even after gaining experience, receiving feedback, and 

engaging in self-reflection, a clear gap remained between 

high- and low-achieving students, in terms of their ability to 

accurately assess their own performance. High-achieving 

students initially underestimated their performance, but 

gradually developed improved self-calibration, as evidenced 

by a reduced gap between their self-ratings and the grades 

they received from the instructor (Figure 1). These students 

also demonstrated greater accuracy in evaluating their per-

formance of specific elements of the task, such as their un-

derstanding of the research article, after one semester of ex-

perience. 

In contrast, low-achieving students continued to overes-

timate their overall performance, even after structured 

feedback and reflective practice. No improvement was found 

in the alignment of their self-assessments with the instruc-

tor’s evaluations. These results are consistent with previous 

findings on overestimation in self-assessment among 

low-performing students [21, 22]. However, a more nuanced 

picture emerged from this study. Specifically, low-achieving 

students began to demonstrate awareness of specific areas of 

difficulty. In particular, their responses to targeted ques-

tions—such as the perceived difficulty of understanding the 

article—revealed a higher level of challenge, as compared to 

their peers (Figure 2), suggesting the early development of 

metacognitive insight. 

This recognition of specific challenges was further sup-

ported by a significant negative correlation between students’ 

reported understanding and the grades they received from the 

instructor (Table 2). While high-achieving students reported 

increased ease of understanding in the second semester, 

low-achieving students reported greater difficulty. This con-

trast underscores the potential for metacognitive development 

even among students who initially overrated their abilities. 

A notable shift also occurred in how students perceived the 

most difficult parts of a scientific article. During the first 

semester, the Introduction was commonly identified as the 

most difficult section to understand; whereas in the second 

semester, the focus shifted to the Results and Discussion 

sections. This transition suggests a growing sophistication in 

reading practices and improved comprehension of the struc-

ture of a scientific article. 

Students also reported increased confidence in presenting 

and reduced levels of stress and anxiety, reinforcing the value 

of repeated practice and adaptation. While online presentation 

did not significantly impact grades, some students noted that 

the virtual format posed challenges for engagement and 

presentation dynamics. In this study, the second-semester 

presentations were conducted online in small groups of 5-6 

students plus the instructor, which helped maintain an inti-

mate, supportive, and interactive atmosphere. As shown in 

Figure 1, no significant differences were observed in in-

structor-assigned grades or students’ self-ratings between the 

two semesters, aligning with previous findings that suggest 

comparable academic outcomes across modalities [25]. Fur-

thermore, students did not report increased stress related to the 

online format, as also observed in prior research [26]. How-

ever, the shift to online presentation remains a potential con-

founding variable, particularly regarding student engagement 

and peer interaction, and may have influenced subtle aspects 

of performance or self-perception not captured by grades or 

questionnaire responses. 

Limitations 

One limitation of this study concerns the format of the 

self-assessment scale. Students rated their presentations 

using a discrete scale limited to multiples of 10 (e.g., 60, 70, 

80), while instructor grades were assigned as whole numbers 

on a continuous scale (e.g., 84, 79). This difference in scale 

granularity may have influenced the precision of compari-

sons between student self-ratings and instructor evaluations. 

Although general trends in over- or underestimation could 

still be observed, the mismatch in scale format may have 

introduced minor distortions in measuring self-assessment 

accuracy and should be considered when interpreting the 

results. 

5. Conclusions 

The most important takeaway from this study is that ac-

cumulated experience—not instructional method—is the key 

driver in improving both critical reading and self-assessment 

accuracy. The reflective process embedded in the 

course—through structured questionnaires, individual feed-
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back, and presentation to peers—emerged as an essential 

component of learning. The ability to identify specific areas 

of difficulty contributed directly to improved comprehension 

and more accurate self-perception, aligning with the findings 

of previous studies [16, 23]. 

Finally, this study offers a conceptual contribution by dis-

tinguishing between lack of experience and lack of ability. It 

suggests that inexperienced students are not permanently 

constrained by the Dunning-Kruger effect. Under conditions 

of meaningful practice and feedback, they are capable of 

refining their self-assessment over time with increasing ac-

curacy. 
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