
 

 

Results of Critical Thinking Student Learning Outcome Assessment, Fall 2013 
William Loker, Dean of Undergraduate Education 
 
Summary 
 
In Fall 2013, the faculty teaching courses in the General Education Pathways program in Area 
A3, Critical Thinking (CT) agreed to a second pre-test, post-test assessment of student learning 
outcomes in their courses.  This effort follows a similar successful endeavor in Fall 12. As in Fall 
12, the Fall13 effort relied on twenty multiple choice questions drafted and approved by faculty 
teaching the varied courses. The questions were designed to test students’ understanding of three 
components of CT:  
 
(1) students will have the ability to distinguish matters of fact from issues of judgment or 
opinion,  
(2) students will have the ability to reach well-supported factual or judgmental conclusions, and  
(3) students will have the abilities to analyze, criticize, and advocate ideas.  
 
Faculty teaching 18 sections of Area A3 courses participated: two sections of CMST 255 (n=51), 
one section of GEOS 104 (n=97), eleven sections of PHIL 102 (n=874) and three section of 
PSYC 100 (n=215). Faculty agreed to administer the pre-test during the first week of class (the 
first day if possible) and include the same questions on the final exam either embedded in the 
exam for credit or for extra credit.  Valid results were obtained from 1,237 students.  The 
following statistical tests were performed, with results as noted: 

1. Analysis of Variance (ANOVA) was carried out comparing mean pre-test scores 
across sections.  There was no significant difference in pre-test scores among any of 
the sections. (see Table 1, below.)   

2. A matched-pairs t-test was carried out comparing the learning gain difference 
between pre- and post-test scores.  Post-test scores (mean = 13.23 across all 
sections) were significantly higher than pre-test scores (mean = 10.34).  (See Table 2, 
below.)   

3. ANOVA was carried out to test the mean learning gain across sections.  PHIL 102-
01 was significantly higher than all other sections.  PHIL 102-03 was significantly 
higher than GEOS 104.  

4. ANOVA was carried out to compare post-test scores across sections.  PHIL 102-01 
was significantly higher than all other sections. PHIL 102-03 was significantly higher 
than GEOS 104. 

5. ANOVA was carried out to compare mean scores across courses (aggregating 
sections for CMST, PHIL and PSYC) for all the variables mentioned: mean pre-test 
scores, mean difference scores and mean post-test scores.  There was still no 
significant difference in pre-test scores across courses.  



 

 

a. Learning Gains: PHIL 102 was significantly higher than all other courses.  
PSYC 100 was significantly higher than GEOS 104.  (See Table 3.) When 
PHIL 102-01 is excluded from the analysis, PHIL 102 was significantly 
higher than GEOS 104, but not CMST 255 and PSYC 100. PSYC 100 
remained significantly higher than GEOS 104. (See Table 5, below.) 

b. Post-test scores: PHIL 102 was significantly higher than all other courses. 
(See Table 4.) When PHIL 102-01 was removed from the analysis, there was 
no significant difference in between PHIL 102 and other sections.  When 
PHIL 102-01 was removed from the analysis, PSYC 100 students scored 
significantly higher on the post-test than GEOS 104 students. (See Table 6, 
below.) 

 
Statistical analyses support the following conclusions: 

1.  All sections started with students that had similar levels of understanding of the 
concepts measured by the pre-test. 

2. Across all sections, there was a gain in student learning of the concepts measured by 
the test.  On average, students’ scores increased by about 30% from pre- to post-test.  
While this is a positive outcome, it may be somewhat concerning that on the post-test, 
students on average only got about 65% of the questions right. The only significant 
differences in learning gains across sections were:  
a. PHIL 102-01 scored higher than all other sections;  
b. PHIL 102-06 scored lower than PHIL 102-01, 02, 03, 40, 44.  

3. PHIL 102 students scored significantly higher than students in other courses both in 
terms of learning gains and post-test scores.    
a. PHIL 102-01 stood out in terms of both the average learning gain (pre vs. post-

test score) and post-test score, which was significantly higher than all other 
sections.  

b. When PHIL 102-01 was removed from the analysis of pre- post-test learning 
gains, the significant difference between PHIL and PSYC and CMST 
disappeared.  PHIL 102 remained significantly higher than GEOS 104 on learning 
gains.  PSYC 100 was also significantly higher than GEOS 104 on learning gains.  

c. When PHIL 102-01 was removed from the analysis of post-test scores, the 
difference between PHIL 102 and other courses was no longer significant.  PSYC 
100 students scored significantly higher on the post-test than GEOS 104 students. 

 
In summary, the pre- and post-test results demonstrate statistically significant learning gains 
across sections.  As in the prior analysis of other CT concepts carried out in Fall 12, the 
instructor of PHIL 102-01 stands out as particularly effective in teaching CT as measured by 
student performance on this exam.  Assuming that the exam is a valid measure of the concepts 



 

 

CT concepts identified, other instructors might benefit from learning the pedagogical approaches 
of the PHIL 102-01 instructor.   
 
In addressing the suitability of teaching CT concepts in a variety of courses, particularly those 
outside Philosophy, the results tend to support the conclusion that these concepts can be taught in 
a variety of disciplines.  As with the prior assessment (Fall 12), it appears that instructor effects 
are more powerful than course or discipline effects in shaping learning outcomes.   
 
It should be noted that these results are somewhat preliminary and subject to the usual caveats.  
In particular, different instructors approached administration of the post-test in different ways 
(embedded in the final versus taken for extra credit).  In future iteration of assessments of this 
nature, it is important to achieve greater uniformity in the administration of the post-test exam to 
eliminate this possible source of error. 
 
 
 
Table 1: Pre-Test Score by Subject Area Analysis 

Dependent Variable:   PreTest Scores  

Subject Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

CMST 10.000 .377 9.261 10.739 

GEOS 10.969 .273 10.433 11.505 

PHIL 10.261 .091 10.082 10.439 

PSYC 10.488 .184 10.128 10.849 

Table 1:  Comparison of Pre-Test scores by course: There is no significant difference in the 
average pre-test scores by subject area, F = 7.245, p N.S. 
 
 
Table 2: Paired Samples Statistics 

 Mean N Std. Deviation Std. Error Mean 

Pair 1 PostTest 13.230 1067 3.4217 .1048 

PreTest 10.337 1067 2.6814 .0821 

Table 2. Matched-Pairs t-test results of learning gains (Pre-test versus post-test scores). Fall 
2013 students that completed both the CT pre-test and post-test scored significantly higher on the 
CT post-test, t = 26.708, p < .001. 
 
  



 

 

Table 3: Learning Gains by Section  

Dependent Variable:   PostPre_Change   

Subject Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

CMST .964 .642 -.296 2.225 

GEOS .361 .373 -.371 1.094 

PHIL 3.453 .122 3.214 3.691 

PSYC 1.891 .258 1.385 2.396 

Table 3. Analysis of Variance (ANOVA) comparing learning gains (pre-, post-test 
difference scores) by course. An Analysis of Variance on the above table shows a significant 
difference between the change scores by subject area, F = 30.458, p < 001. A further post-hoc 
analysis on the mean change scores shows that students enrolled in PHIL courses achieved a 
significantly greater increase in post-test scores over their pre-test scores than students enrolled 
in the other three subject areas (CMST, GEOS, PSYC). Additionally, PSYC enrolled students 
achieved significantly greater change scores than the GEOS students. 
 
 
Table 4. Post-Test Score by Subject Area Analysis 

Dependent Variable:   PostTest Score   

Subject Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

CMST 11.032 .593 9.869 12.196 

GEOS 11.218 .354 10.524 11.913 

PHIL 13.669 .113 13.447 13.892 

PSYC 12.330 .247 11.845 12.814 

Table 4. Analysis of Variance (ANOVA) comparing post-test scores by course. An Analysis 
of Variance on the average post-test scores by subject area shows a significant difference in the 
average scores by subject area, F = 10.902, p < .001. A post hoc analysis of the average post-test 
scores by subject area shows that students enrolled in the PHIL courses have an average post-test 
score significantly higher than the other three subject areas (CMST, GEOS, PSYC).  
  



 

 

Table 5: Learning Gains by Section, exclude PHIL 102-01 

Dependent Variable:   PostPre_Change   

Subject Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

CMST .964 .642 -.296 2.225 

GEOS .361 .373 -.371 1.094 

PHIL 1.802 .126 1.555 2.048 

PSYC 1.891 .258 1.385 2.396 

Table 5. Analysis of Variance (ANOVA) comparing learning gains (pre-, post-test 
difference scores) by course; excluding PHIL 102-01. An Analysis of Variance on the above 
table shows a significant difference between the change scores by subject area, F = 7.235, p < 
001. A further post-hoc analysis on the mean change scores shows that students enrolled in PHIL 
and PSYC courses achieved a significantly greater increase in post-test scores over their pre-test 
scores than students enrolled in GEOS 100. 
 
 
Table 6. Post-Test Score by Subject Area Analysis, 
exclude PHIL 102-01 

Dependent Variable:   PostTest Score   

Subject Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

CMST 11.032 .527 9.998 12.067 

GEOS 11.218 .315 10.601 11.836 

PHIL 12.161 .125 11.916 12.406 

PSYC 12.330 .247 11.899 12.760 

Table 6. Analysis of Variance (ANOVA) comparing post-test scores by course, excluding 
PHIL 102-01. An Analysis of Variance on the average post-test scores by subject area shows a 
significant difference in the average scores by subject area, F = 4.377, p < .005. A post hoc 
analysis of the average post-test scores by subject area shows that students enrolled in the PSYC 
course have an average post-test score significantly higher than the students in the GEOS course. 
There is no significant difference between PHIL and other subject areas when PHIL 102-01 
scores are excluded from the analysis.  
 



 

 

Results of Critical Thinking Student Learning Outcome Assessment, Fall 2012 
William Loker, Dean of Undergraduate Education 
 
Summary 
 
In Fall 2012, the faculty teaching courses in the general education Pathways program in Area 
A3, Critical Thinking (CT) agreed to a pre-test, post-test assessment of student learning 
outcomes in their courses.  Twenty multiple choice questions were drafted and approved by 
faculty. The questions were designed to test students’ understanding of two components of CT: 
inductive versus deductive logic and logical fallacies. Faculty teaching 18 sections (two sections 
of CMST 255, one section of GEOS 104, fourteen sections of PHIL 102 and one section of 
PSYC 100) in Fall 12 agreed to administer the pre-test during the first week of class (the first day 
if possible) and include the same questions on the final exam either embedded in the exam for 
credit or for extra credit.  Valid results were obtained from 1,194 students.  The following 
statistical tests were performed, with results as noted: 

1. Analysis of Variance (ANOVA) was carried out comparing mean pre-test scores 
across sections.  The only significant difference was that results from the Honors 
section (PHIL 102H) were significantly higher than other sections.  There was no 
significant difference in pre-test scores among other sections. (See Table 1.) 

2. A matched-pairs t-test was carried out comparing the learning gain difference 
between pre- and post-test scores.  Post-test scores (mean = 10.65 across all 
sections) were significantly higher than pre-test scores (mean = 6.98).  (See Table 2.) 

3. ANOVA was carried out to test the mean learning gain by section.  PHIL 102-01 
was significantly higher than all other sections.  PSYC 100 was significantly higher 
than PHIL 102-04 and PHIL 102-15. (See Table 3.) 

4. ANOVA was carried out to compare post-test scores across sections.  PHIL 102-01 
was significantly higher than all other sections. PHIL 102H was higher than PHIL 
102-04, 05, 11, 12.  PSYC 100 was significantly higher than PHIL 102-04, 05. (See 
Table 4.)  

5. ANOVA was carried out to compare mean scores across courses (aggregating 
sections for CMST and PHIL) for all the variables mentioned: mean pre-test scores, 
mean difference scores and mean post-test scores.  There was no significant 
difference in mean pre-test scores by course.   In comparing mean difference scores 
and post-test scores, the means for GEOS were significantly lower than those for 
PHIL and PSYC.  (See Tables 5-7.) 

 
Statistical analysis supports the following conclusions: 

1.  All sections, with the exception of the Honors section, PHIL 102H, started with 
students that had similar levels of understanding of the concepts measured by the pre-
test. 



 

 

2. Across all sections, there was a gain in student learning of the concepts measured by 
the test.  On average, students’ scores increased by about 30% from pre- to post-test.  
The only significant difference in learning gains across sections were those measured 
in PHIL 102-01 compared to all other sections and PSYC 100 scoring better than the 
PHIL 102 sections showing the lowest gains.  While this is a positive outcome, it may 
be somewhat concerning that students on average only got about 50% of the 
questions right.  

3. PHIL 102-01also stood out in terms of the average post-test score, which was 
significantly higher than all other sections. The average post-test score in PSYC 100 
was higher than a couple of PHIL 102 sections, and the Honors students scored 
higher overall on the post-test than four of the PHIL sections.   

4. The only aggregate difference across courses was the lower learning gains in the 
GEOS course compared to the aggregated results from PHIL and the PSYC course. 
Pooling the results of the PHIL courses “washes out” the variability in post-test 
outcomes across sections of this class. 

 
In summary, the pre- and post-test results demonstrate statistically significant learning gains 
across sections.  PHIL 102-01 stands out as particularly effective in teaching CT as measured by 
student performance on this exam.  Assuming that the exam is a valid measure of the concepts 
identified (inductive versus deductive arguments and logical fallacies) instructors might benefit 
from learning the pedagogical approaches of that instructor.  In addressing the suitability of 
teaching CT concepts in a variety of courses, particularly those outside Philosophy, the results 
tend to support the conclusion that these concepts can be taught well in a variety of disciplines as 
evidenced by the performance in the PSYC 100.  The approach taken in the Geosciences course 
might benefit from revision given the significantly lower learning gains and post-test scores in 
this course.  As always, it is difficult to separate out instructor effects from curriculum per se.  
The widely varying results across the PHIL102 sections tend to indicate that the approach taken 
by individual instructors may outweigh the disciplinary basis of the course in affecting positive 
learning outcomes. 
 
It should be noted that these results are somewhat preliminary and subject to the usual caveats.  
In particular, different instructors approached administration of the post-test in different ways 
(embedded in the final versus taken for extra credit).  For the next round of assessment, to focus 
on aspects of CT not measured in this iteration, it is important to achieve greater uniformity in 
the administration of the post-test exam to eliminate this possible source of error. 
  



 

 

Table 1. Mean Pre-test scores by section 

 
 
 

 
Note: Pre-test scores differ significantly at p 0.01 level.  PHIL 102H pre-test scores are 
significantly higher.  No other significant differences. 
 



 

 

 
Table 2. Paired Samples t-test, Pre-test versus Post-test scores 
 

 
 

 
Note: Difference Scores/Learning Gains (Post-test – Pre-test) differ significantly at <p 0.01 level.  
 
 
  



 

 

Table 3. Paired Samples t-test, Pre-test versus Post-test scores, by Section 
 

 
 

 
Note: Difference Scores/Learning Gains (Post-test – Pre-test) by Section differ significantly at 
<p 0.01 level.  See text for explanation.  



 

 

Table 4. Mean Post-test scores by Section. 

 

 
Note: Post-test scores differ significantly at <p 0.01 level. See text for explanation. 
  



 

 

Table 5. Mean Pre-test score by Course (Aggregated by Department) 

 
 

 
Note: Pre-test scores do not differ significantly at the 0.05 level.  
 
  



 

 

Table 6. Mean Difference Score/Learning Gains), Post-test – Pre-test scores, 
by Course (aggregated by Department) 

 
 
 

 
Note: Difference scores (Learning Gains) differ significantly at the 0.003 level. See text for 
explanation.  
  



 

 

 
Table 7. Mean Post-test score by Course (Aggregated by Department) 
 

 
 

 
Note:  Post-test scores differ significantly at the 0.01 level.  See text for explanation.  
 




