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3. Results 
Does the sample reflect the population? 
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Integration of faith and learning (IFL) at Biola university 

  Pop 

# 

Samp. 

# 

Pop 

% 

Samp. 

 % CI 

Men 1670 58 0.39 0.25 to 0.39 

Women 2667 124 0.61 0.61 to 0.75 

Total 4337 182 1.00   

Table 1.  Gender sample vs. 

population frequencies.  X2
df=1=3.39, p-

value=0.06>0.003.  The sample 

reflects population genders. 

 

  Pop 

# 

Samp. 

# 

Pop 

% 

Samp. 

 % CI 

Black 85 3 0.02 0.00 to 0.05 

Asian 679 27 0.15 0.10 to 0.21 

Hispanic 731 22 0.12 0.07 to 0.18 

White 2409 119 0.65 0.57 to 0.71 

Other 433 13 0.07 0.04 to 0.12 

Total 4337 184 1.01   

  Pop 

# 

Samp. 

# 

Pop 

 % 

Samp. 

 % CI 

Fresh 1069 32 0.25 0.12 to 0.24 

Soph 992 69 0.23 0.31 to 0.45 

Jun 1023 62 0.24 0.27 to 0.41 

Sen 1183 20 0.28 0.07 to 0.17 

Other 9 1 0.002 0.00 to 0.03 

Total 4276 184  1.00   

  Pop 

# 

Samp. 

# 

Pop.  

% 

Samp. 

 % CI 

Art/Comm 954 34 0.22 0.13 to 0.25 

Hum/Soc Sci 2300 88 0.54 0.40 to 0.55 

Science 1022 62 0.24 0.27 to 0.41 

Total 4276 184 1.00   

Table 4.  Race/ethnicity sample vs. population 

frequencies. X2
df=4=7.1, p-value=0.13>0.003.  

The sample reflects population race/ethnicity. 

Table 3.  Year sample vs. population 

frequencies. X2
df=4=47.6, p-

value=1.2e-09<0.003.  Seniors were 

under-represented in the sample. 

Table 2.  Major sample vs. population 

frequencies. X2
df=2=9.8, p-value=0.007>0.003, 

but barely.  Science majors appear slightly over-

represented in the sample. 

 In the sample, gender and race match the population, but major and 

year do not.  Science majors were over-represented, probably because most of 

the entire classes surveyed were science classes.  Seniors were under-

represented because seniors surveyed in 2012 were far more likely to no longer 

be Biola students in 2013, despite language on the survey to abstain. 

 In order to account for these differences, I weighted the data according 

to the known population proportions for year and major group (Table 5) (Fall 

2012 Enrollment Report).  This is the standard approach for stratified 

sampling.  Since gender and race/ethnicity do match the population parameters, 

and year and major group are weighted to do so, we conclude that the analysis 

accurately represents the Biola population.  The inferences made in the 

following section should therefore be valid. 

  

Name Possible Values Definition 

d1, d2, …, d7 -6 to 7 The average (S12 and S13) of the reported difference in before and after 

scores for questions 1, 2, …, 7 

dsum -6 to 7 The average (S12 and S13) of the reported difference in before and after 

scores for all questions; dsum = (d1+d2+…+d7)/7 

Years 

Attended 

1,2,3,4 The number of years a student attended Biola.  Original responses were 

selections of specific years attended. 

Major 

Group 

Arts/Comm, 

Hum/Soc Sci, 

Sciences 

The actual 32 Biola majors were given as options, but in the analysis were 

grouped according to these three categories, according to the natural 

division with Biola’s School of Arts and Sciences (SAS) structure 

Name Mean SE 95% CI 

d1 2.08 0.13 1.82 to 2.33 

d2 2.33 0.11 2.11 to 2.55 

d3 2.04 0.10 1.85 to 2.24 

d4 1.61 0.10 1.41 to 1.81 

d5 1.39 0.08 1.22 to 1.55 

d6 1.80 0.13 1.55 to 2.05 

d7 2.12 0.11 1.90 to 2.33 

dsum 1.91 0.09 1.74 to 2.08 

Table 5.  Definitions of variables constructed from raw data.  The increase in IFL for 7 items 

was measured in S12 and S13.  d1,…,d7 is the mean of the two.  dsum is the mean of d1 

through d7. 

Table 6. [H1]  Statistics for 

individual and cumulative 

(dsum) item differences.  The 

average student reported 

experiencing IFL for all items. 

Figure 1.  Distribution of individual item differences 

and cumulative (dsum).  While most students 

experienced IFL, some did not.  [H1] 

During Spring 2012 and Spring 2013 several groups of students in my statistics 

classes (Math210 Intro Stat and Math318 Biostats) surveyed the population of 

Biola undergraduates, under my direction, for their capstone projects.  The 

topic was integration of faith and learning (IFL) at Biola.  IFL was defined as 

“relating the Christian faith to academic learning.  The Christian faith 

includes Scripture, theology, your personal experience with Jesus, and so on.  

Academic learning refers the subject matter in your Biola University classes.  

This subject matter is both theoretical (understanding the theory behind the 

discipline) and experiential (gaining experience practicing fundamental aspects 

of the discipline).”  The occasion for the study was a Biola Faculty 

Development reading group for the book Academically Adrift (2011) that I 

participated in during Spring 2012.  

 

 The primary hypothesis was as follows: 

• H1: If a student attends Biola, then their level of IFL will increase 

 Secondary hypotheses were: 

• H2: The longer a student is at Biola, the more their IFL will increase 

• H3: The variability inherent in an indirect assessment of IFL can be 

measured and overcome, thereby enabling the discovery of differences in 

IFL levels 

 Additional research questions were 

• H4: Does IFL level vary with gender? 

• H5: Does IFL level vary with race? 

• H6: Does IFL level vary with major? 

 In the figures and tables which address the above research hypotheses, 

the hypothesis number is listed in colored brackets, e.g. [H1]. 

Figure 2.  Distribution of cumulative 

item differences by Gender.  There is 

a statistically insignificant (t=-2.11, 

p=0.04>0.003) 0.34 point increase in 

Females (mean = 2.05) over Males 

(mean = 1.71).  [H4] 

  

Figure 3.  Distribution of cumulative item differences by Race/ethnicity.  There is no 

significant difference between any group (p>0.25).  [H5] 

Figure 4. Distribution 

of cumulative item 

differences by major. 

There is no statistically 

significant difference in 

IFL between any of the 

three major groups 

(p>0.15).  [H6] 

Comparisons of the 

individual majors was 

not attempted due to 

such a large number of 

majors with such small 

sample sizes. 

Figure 5. Regression 

of cumulative item 

differences by 

number of years 

attended.  There is a 

significant linear 

trend (p=0.0036).   

[H2]  There was no 

significant difference 

in IFL between any 

years (p>0.01).  

 The linear model is         dsum = 1.5 + 0.2*YearsAttended 

This means that the base integration level is 1.5, and students add an average of 

0.2 points per year. The p-value for the slope is 0.003, which is at the 

Bonferroni-adjusted aadj.=0.003 and therefore significant. The second research 

hypothesis [H2] is supported.  

  The model assumptions are met, meaning that the model is valid. The p-

value for the Shapiro-Wilk test of normality is 0.28 (Null hypothesis: data are 

normal).  The plot of the residuals vs. fitted values is very flat (not shown), 

supporting the common variance assumption. 

• Survey quality.  The survey design is paired, which permits one to infer that 

changes in the response (IFL level) are caused by the factor (Biola 

education).  Covariates gender and race/ethnicity match the known Biola 

population; major group and year were weighted to match the official Biola 

enrollment figures.  Therefore, since the factors in the data match the Biola 

parameters, the sample should represent the population in other ways as well, 

namely beliefs about IFL. 

• Good news.  Biola is doing well to produce highly measurable IFL in 

students across the board [H1].  In addition, there are no measurable 

differences between gender [H4], race/ethnicity [H5], or major group [H6].  

The one further characterization of the integration was that the longer 

students were at Biola, the higher the levels of IFL they reported [H2].   

• For further research.  If there was any bad news, it would be that while 

students experience a very high level of integration by the mid-Spring of 

their Freshman year (average 1.7 points), the increase was much smaller in 

subsequent years (average 0.2 points/year).  Why is this?  Can post-Freshman 

IFL levels be further increased?  Also, this research did not rule out 

differences between individual majors.  Do some departments achieve greater 

levels of IFL than others? 

Appendix: Inventory Items 
 

 
The 7 items were responded to for “Before” Biola and “Since” Biola.  The difference was the 

measure of the self-reported increase in IFL for the respondent.  The items were scored on a 1-7 

scale where 1 = “little, if any”, 4 = “a moderate amount” and 7 = “a very great extent”. 

 

1. What proportion of time spent in your academic work do you think integratively? 

2. How familiar are you with the biblical basis for integration within your major? 

3. To what extent are you able to describe the connection between your career and faith? 

4. How much have you learned about God through your studies at Biola? 

5. How close is your character to the character of Christ? 

6. For the purpose of this question, an “integration experience” is an time in a project, paper, 

discussion, or other activity where you personally experienced integration.  How much 

fruit has resulted from your greatest integration experience? 

7. To what extent do you feel prepared you use your cumulative knowledge to impact the 

world for the Lord Jesus Christ? 

Twelve students volunteered during Spring 2012 to collect data. The student 

volunteers surveyed 10-20 non-science majors each. Respondents were 

selected using any random means available to the students. Inventories were 

completed online using the volunteer’s laptop. In addition, I surveyed all 

students in my courses, which were 95+% science majors (from all 6 science 

departments).  In total, 269 surveys were completed in Spring 2012.  During 

Spring 2013, approximately ten students from my classes volunteered to 

collect the follow-up data.  190 surveys were completed, 6 of which were 

invalid resulting in a sample of 184.  9 students reported they had graduated, 1 

did not want to complete the follow-up, and 69 did not reply to their emails.  

The response rate was therefore (190-69)/190 = 64%, which is considered a 

good response rate for modern surveys (AAPOR 2008).  

 The inventory consisted of seven items (see Appendix). Demographics 

of gender, race, year, major, and number of years at Biola were also collected.   

 Survey quality depends on survey representativeness.  While the 

sampling methods attempted to be random, representativeness was compared 

to Biola’s known demographics.  Where they differed, the results were 

weighted to reflect the population, thereby ensuring unbiased results. 

 The design of the survey was paired, in that each student responded to 

the items from the standpoint of their state of integration before Biola and after 

Biola.  The paired design was chosen for two reasons.  First, it yields the most 

powerful tests, therefore increasing our chances of detecting increases in IFL.  

Second, it employs the experimental design principle of blocking, so that any 

effects observed in the response variable (IFL level) are known to be caused by 

the factor Biola education. 

 There were 16 hypotheses tested in this research.  To avoid inflating the 

probability of falsely rejecting any null hypothesis (Type I error), we used the 

Bonferroni multiple-testing adjustment, giving an adjusted level of significance 

of 0.05/16 = 0.003= aadj. for testing.  Thus, instead of the traditional a=0.05, 

we used 0.003 as the minimum p-value at which to reject null hypotheses. 
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