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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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DUAL-SOFTWARE INTEGRATION IN MEDICAL STATISTICS TEACHING: A CASE-
BASED APPROACH TO F-DISTRIBUTION WITH DOUBAO AI AND R
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Abstract.
Objective: To address the challenges of abstract theoretical 

concepts and low practical application in medical statistics 
teaching, this study proposes an innovative teaching model 
integrating Doubao AI and R software, focusing on the 
F-distribution with numerator degrees of freedom (df₁) =2 and 
denominator degrees of freedom (df₂) =27.

Methods: A comparative teaching experiment was conducted 
among 52 medical students, divided into an experimental group 
(n=26) adopting the dual-software integrated model and a 
control group (n=26) using traditional teaching methods. The 
teaching process included AI-assisted theoretical interpretation, 
R-based data simulation, and case-driven practical application. 
Academic performance, task completion efficiency, and student 
satisfaction were evaluated. Task completion efficiency and 
student satisfaction were evaluated.

Results: The average time for the experimental group to 
complete the teaching process of F-test was 10±2 minutes, 
shorter than the traditional instruction's 30 ± 5 minutes. The 
duration required for this teaching process is shorter than that 
of traditional instruction.100% of students in the experimental 
group believed that the dual-software integration helped them 
understand the application of F-distribution (df₁=2, df₂=27) in 
clinical research.

Conclusion: The integration of Doubao AI and R software 
effectively bridges the gap between theory and practice in 
F-distribution teaching, improves students' statistical thinking 
and operational capabilities as well as learning efficiency and 
satisfaction, and provides a replicable solution for the digital 
reform of medical statistics courses.

Key words. Medical statistics teaching, Doubao AI, R 
software, dual-software integration, F-distribution, one-way 
ANOVA, case-based learning, digital teaching reform.
Introduction.

Medical statistics serves as the cornerstone of evidence-based 
medicine and clinical research [1], with the F-distribution being 
a core concept widely applied in analysis of variance (ANOVA) 
and variance homogeneity tests. However, traditional teaching 
of F-distribution often relies on theoretical lectures and manual 
calculations, leading to students' difficulties in understanding 
the logical relationship between degrees of freedom and 
distribution characteristics. Specifically, the F-distribution with 
df₁=2 and df₂=27, commonly used in three-group comparison 
studies, poses challenges for students in grasping its application 
scenarios and result interpretation.

The advancement of digital technology has driven the 
transformation of statistical teaching. R software [2], with its 
powerful data analysis and visualization capabilities, has been 
proven to enhance students' practical skills. Meanwhile, Doubao 
AI [3], as a high-performance large language model, excels 

in natural language interaction and personalized guidance. 
Previous studies have shown that AI-assisted teaching tools 
can significantly improve student participation and knowledge 
mastery. This study innovatively integrates Doubao AI and R 
software to construct a "theoretical interpretation-simulation 
verification-case application" teaching framework, aiming to 
optimize the teaching effect of F-distribution (df₁=2, df₂=27) 
and promote the digital reform of medical statistics teaching.
Teaching Design and Implementation.
Teaching Objectives:

The teaching objectives are threefold: (1) Master the basic 
principles of F-distribution, especially the characteristics of the 
distribution with df₁=2 and df₂=27; (2) Proficiency in using R 
software for F-distribution probability calculation, critical value 
query, and visualization; (3) Ability to apply F-distribution to 
solve practical medical research problems such as three-group 
treatment effect comparison.
Software Integration Mechanism:

Doubao AI's Role: As an intelligent teaching assistant, 
Doubao AI undertakes three key tasks: 1) Plotting the theoretical 
probability density curve of F-distribution with df₁=2 and 
df₂=27 via built-in density function, instead of random value 
simulation; 2) Providing personalized guidance by answering 
students' real-time questions about R code writing and result 
interpretation; 3) Generating customized case datasets based on 
students' learning progress, such as clinical data of three groups 
of patients with different drug treatments .

R Software's Role: Responsible for practical operation 
implementation, including: 1) Simulating F-distribution 
curves with df₁=2 and df₂=27 using df(), pf(), and qf() 
functions; 2) Conducting F-tests for variance homogeneity and 
ANOVA through built-in datasets; 3) Visualizing distribution 
characteristics and analysis results with ggplot2 package.
Case-Based Teaching Process:

A real clinical research case was adopted: " In a Phase I 
clinical trial evaluating the tolerability and safety of a drug, 
30 healthy volunteers who met the inclusion criteria were 
randomly divided into 3 groups of 10 each. Each group was 
injected with doses of 0.5U, 1U, and 2U, respectively. The 48-
hour activated partial thromboplastin time (APTT, in seconds) 
was observed. The results are shown in Table 1. Question: Is 
there a difference in APTT among different dose groups?". The 
sample size was 30 (10 cases per group), with df₁=k-1=2 (k=3 
groups) and df₂=N-k=27 (N=30 total samples), corresponding 
to the target F-distribution.
Step 1: AI-Assisted Theoretical Foundation.

Doubao AI explains the F-distribution definition: the ratio of 
two independent chi-square variables divided by their respective 
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degrees of freedom, with the formula  (between-group 
mean square/within-group mean square).

Through interactive question and answer, Doubao AI clarifies 
why df₁=2 and df₂=27 in this case: "df₁ reflects the variation 
between the three drug groups, while df₂ represents the random 
error variation within each group after excluding group effects".

The AI generates a visual comparison chart of F-distributions 
with different degrees of freedom, highlighting that the 
F-distribution with df₁=2 and df₂=27 is moderately right-
skewed, with a critical value of 3.35 at α=0.05.
Step 2: R-Based Simulation and Calculation.

Students execute R code under Doubao AI's guidance:
Calculate critical value and probability:

# Calculate critical value and upper tail P-value
critical_value <- qf(p = 0.95, df1 = 2, df2 = 27) # Critical value 

at α=0.05: 3.35
p_value<- pf (q=4.5, df1=2, df2=27, lower.tail=FALSE) # 

Upper-tailed P-value when F=4.5
Visualize distribution curve:

install.packages("ggplot2")
library(ggplot2)
x <- seq(0,12,by=0.01)
y <- df(x,df1=2,df2=27)
ggplot(data.frame(x=x,y=y), aes(x=x,y=y)) +
geom_line(col="steelblue",linewidth=1)+
geom_vline(xintercept=critical_value, color="red", 

linetype="dashed") +
annotate("text", x=3.8, y=0.2, label="Critical value: 3.35") +
labs(title="F-distribution (df1=2, df2=27)", x="F-value", 

y="Density").
After executing the above visualization code, Figure 1 will be 

generated. Doubao AI interprets the results in real time: "The 
red dashed line represents the critical value. When the calculated 
F-statistic exceeds 3.35, we reject the null hypothesis that the 
three drug effects are equal".
Step 3: Case Application and Result Interpretation.

# 1. Input the raw data
dose_0.5U <- c(36.8, 34.4, 34.3, 35.7, 33.2, 31.1, 34.3, 29.8, 

35.4, 31.2)
dose_1U <- c(40.0, 35.5, 36.7, 39.3, 40.1, 36.8, 33.4, 38.3, 

38.4, 39.8)
dose_2U <- c(32.9, 37.9, 30.5, 31.1, 34.7, 37.6, 40.2, 38.1, 

32.4, 35.6)
# 2. Reshape data into a data frame (long format for aov 

function)
data <- data.frame(
  time = c(dose_0.5U, dose_1U, dose_2U),
  dose = factor(rep(c("0.5U", "1U", "2U"), each = 10)))

Conduct ANOVA using F-test:
# 1. Perform one-way analysis of variance (ANOVA)
aov_model <- aov(time ~ dose, data = data)
summary(aov_model)
# 4. (Optional) post-hoc test (Tukey's HSD) for pairwise 

comparisons
TukeyHSD(aov_model)

When you run summary(aov_model), you will get an ANOVA 
table consistent with the manual calculation in the problem 
(Figure 2).

The F-statistic is approximately 6.52, and the p-value is 0.0048 
(less than 0.05).

We reject the null hypothesis (H0), meaning there is a 
statistically significant difference in the mean APTT values 
among the three dose groups.

The TukeyHSD function will further show pairwise 
comparison results between the three groups to identify which 
specific groups differ.
Result interpretation with Doubao AI:

The AI assists students in analyzing: "Null Hypothesis (H0): 
All three dose groups have the same mean partial thromboplastin 
time (μ0.5U=μ1U=μ2U).

Alternative Hypothesis (H1): At least one group mean is 
different from the others.

Since p=0.004888<0.05, we reject the null hypothesis.
Final Interpretation: There is a statistically significant difference 

in the mean 48-hour partial thromboplastin time among the 
three different dose groups (F (2,27) =6.52, p=0.0049). This 
indicates that the drug dose has a significant effect on the partial 
thromboplastin time.

If you want to identify which specific groups differ, you would 
perform a post-hoc test (e.g., Tukey’s HSD) next.
Teaching Effect Evaluation.
Evaluation Indicators:

Satisfaction Survey: Five-point Likert scale questionnaire 
(1=strongly dissatisfied, 5=strongly satisfied) covering teaching 
method, software usability, and knowledge mastery. The control 
group adopted fully traditional offline teaching mode; teachers 
manually deduced F-distribution formulas and checked critical 
values via printed statistical tables. Students finished the 
identical three-group APTT ANOVA assignment entirely by 
hand calculation and paper table lookup, without any statistical 
software or AI assistance to ensure fair comparison with the 
experimental group.
Results.

Teaching Efficiency: The average time for the experimental 
group to complete the teaching process of F-test was 10±2 
minutes, shorter than the traditional instruction's 30 ± 5 minutes. 
The duration required for this teaching process is shorter than 
that of traditional instruction.

Satisfaction Survey: 100% of students in the experimental 
group believed that the dual-software integration helped them 
understand the application of F-distribution (df₁=2, df₂=27) in 
clinical research.

Discussion.
Advantages of Dual-Software Integration.

The integration of Doubao AI and R software addresses key 
pain points in F-distribution teaching:

Theoretical Simplification: Doubao AI's natural language 
interpretation and visual analogies make abstract concepts 
such as degrees of freedom more understandable, overcoming 
students' fear of mathematics.
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Practical Enhancement: R software enables students to 
directly simulate distribution characteristics and conduct 
statistical tests, transforming passive learning into active 
operation.

Personalized Guidance: Doubao AI provides real-time 
answers to individual questions, solving the problem of 
insufficient teacher-student interaction in traditional classrooms.
Application Value of the Case Design.

The selected clinical pharmacology trial case focusing on 
different injection doses of the experimental drug has practical 
significance. It strictly corresponds to the F-distribution with 

df₁=2 and df₂=27, helping students establish a direct connection 
between theoretical parameters and practical scenarios.

The case covers the entire process from data simulation to 
ANOVA, enabling students to master the complete application 
chain of F-distribution.
Limitations and Future Directions.

This study has two limitations: First, the sample size is 
relatively small, and multi-center experiments with more 
students are needed for verification; second, the teaching model 
focuses on F-distribution, and its applicability to other statistical 
methods require further exploration. Future work will:1) 

Figure 1. Density curve of the F-distribution with numerator degrees of freedom (df₁)=2 and denominator degrees of freedom (df₂) =27.

Figure 2. Summary(aov_model).

0.5U 1U 2U
36.8 40.0 32.9
34.4 35.5 37.9
34.3 36.7 30.5
35.7 39.3 31.1
33.2 40.1 34.7
31.1 36.8 37.6
34.3 33.4 40.2
29.8 38.3 38.1
35.4 38.4 32.4
31.2 39.8 35.6

Table 1. 48-hour APTT of three different dose groups (Unit: s).
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Expand the application scope of dual-software integration to 
include t-distribution, chi-square distribution, etc.2) Optimize 
Doubao AI's teaching functions, such as adding automated 
error correction for R code.3) Establish a long-term evaluation 
mechanism to track students' application of statistical methods 
in subsequent clinical research.
Conclusion.

This study constructs an innovative teaching model for medical 
statistics by integrating Doubao AI and R software, with a focus 
on the F-distribution (df₁=2, df₂=27). The results show that 
this model significantly improves students' learning efficiency 
and learning satisfaction. It not only provides a new path for 
the digital reform of medical statistics courses but also offers 
a replicable example for the integration of AI and statistical 
software in higher medical education. The combination of 
intelligent theoretical guidance and practical operational tools 
is expected to become a mainstream trend in medical statistics 
teaching, helping to cultivate more competent medical research 
and clinical practice talents.
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