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I was a college dropout in 1968

■ I was very frustrated with my education at this point

■ I didn’t know what I wanted to do with my life

■ I had learned a lot from several very excellent 

teachers, but most of my teachers were so-so

■ I wondered:  

– What makes an effective teacher?  

– What makes learning better?



Two big questions I’ve been trying to answer 
since 1972, when I started my Ph.D. studies

1) What instructional methods are more likely 

to result in successful student learning?

2) What educational research methods will 

help answer this question empirically in a 

convincing scientific way?



OVERVIEW
What I’ve learned in this quest, now 53 years later



Today I plan to illustrate:

■ Learning journeys

■ Temporal maps of learning journeys

■ Teaching and Learning Process Analytics (TALPA)

■ How the Indiana University Plagiarism Tutorials and Tests (IUPTAT) was 

designed with First Principles of Instruction (FPI)

■ How IUPTAT was set up with GA4 to create temporal maps of learning 

journeys

■ How Google Analytics 4 (GA4) was used to define key events—i.e., 

parts of IUPTAT designed with FPI

■ How GA4 was used to do TALPA to obtain the findings I’m about to 

show you



TALPA results  
from Dec. 30 
thru Jan. 26, 
2025.

There were 6.66 
times as many 
Achievers who 
chose IUPTAT 
instruction that was 
designed with First 
Principles as there 
were Achievers who 
did no FPI-designed 
instruction. 



Initially I’ll briefly compare 2 studies on 
teaching-learning processes and learning 
outcomes

■ My dissertation, completed in 1983:  Nonmetric 

Temporal Path Analysis (NTPA):  An Alternative to the 

Linear Models Approach for Verification of Stochastic 

Educational Relations

■ A study I did earlier this week, just for this webinar

■ Today I’ll focus mostly on the recent study



A METAPHOR



Oregon Trail: 2,170 miles long (3,492 kilometers)



Oregon Trail Routes:  Mid-1800s



Travelers rode in Conestoga wagons pulled by oxen, rode horses, 
and walked.  Typically took 4-6 months or longer to go from from 
Kansas City to what is now Portland, Oregon, about 2,170 miles.



Nowadays in 2025:



Go to MCI airport in Kansas City, board 
plane, and take off



Land at the Portland airport (PDX) about 5– 6 
hours later, with a stop in Denver enroute



This is a metaphor for educational research 
in 1983 compared with now in 2025

1983 study: NTPA 2025 study:  TALPA



Educational research tools then and now:  for 
real—NOT a metaphor

1983 study: NTPA 2025 study:  TALPA

Tandy-Radio Shack Model 3 

desktop computer—for one 

person at a time; VAX 11/780 

mini-computer—shared by ~ 100 

users at a time at IU

Google Data Center:  Thousands of computers running 

in parallel (a.k.a. cloud computing)—shared with 

millions of users via Internet



The 1983 and 2025 studies that I’ll be 
comparing have similar aims

■ Both use variants of Analysis of Patterns in Time to investigate 
student learning journeys

– 1983:  Nonmetric Temporal Path Analysis (NTPA)

– 2025:  Teaching and Learning Process Analytics (TALPA)

■ Both provide strong empirical evidence to show connections 
between instructional methods and student outcomes.

■ Both provide empirical results that traditional quantitative 
measurement and statistical analysis cannot do as well (linear 
models approach such as multiple regression analysis and 
ANOVA).  



THEN AND NOW:  
1983 VS. 2025



Then and Now:  Overall Findings 

1983 NTPA
(My Ph.D. Dissertation)

Students were engaged (on-
task) 97% of the time when 

direct instruction was 
occurring; only engaged 57% 
of the time when non-direct 
instruction was occurring.

2025 TALPA
(today’s Webinar)

Students who chose any 
instruction designed with 

First Principles were 6.6 
times more likely to be 
achievers than were students 
who did not choose any FPI-
designed instruction.



Number of Learning Journeys Observed

1983 NTPA

25 in central Indiana schools

2025 TALPA

13,309 in 122 countries 



Context

1983 NTPA

Face-to-face (in-person 

classrooms) 

2025 TALPA

Online (at a distance) 



When

1983 NTPA

1981 – 82 fall and spring 

semesters (~ 32 weeks) 

2025 TALPA

Dec. 29, 2024 – Jan. 25, 2025 

(4 weeks) 



Content to be learned

1983 NTPA

Math and reading curriculum 
at public elementary school 

levels 

2025 TALPA

Recognizing plagiarism and 
taking Certification Tests:  

IUPTAT—Indiana University 
Plagiarism Tutorials and 
Tests 



Who and where

1983 NTPA

Mildly disabled children in 
central Indiana elementary 

school classrooms 

2025 TALPA

Adults:  91% at 
undergraduate and graduate 

levels in college, plus 9% 
from high school; in 122 
countries worldwide 



Coding of learning journeys done by

1983 NTPA

Trained classroom observers 
using Academic Learning 

Time Observation System 
(ALTOS) 

2025 TALPA

Google Analytics 4 for 
classifying key events as First 

Principles of Instruction (via 
JavaScript embedded in 
webpages) 



1983 NTPA
Trained classroom 
observers coded 
target student 
and instructor 
moves.

The observer 
followed a target 
student through-
out the school 
day.



1983 NTPA
Trained classroom 
observers coded 
target student 
and instructor 
moves.

The observer 
recorded moves 
on a paper coding 
form, minute by 
minute, creating a 
temporal map.



2025 TALPA:  GA4 did the coding of student 
moves within IUPTAT online instruction

JavaScript was executed when a Web page was viewed by a student, 

recording time and page location. The JavaScript was embedded in 

HTML Dreamweaver Templates used for creating IUPTAT webpages.



2025 TALPA:  GA4 created a temporal map for each 

student and stored it in the cloud (Google data centers) 



Cost

1983 NTPA

3-year funded grant for 
approximately $1.2M in 1980 
U.S. dollars, preceded by a 4-
year grant for approximately 
$1.9M:  Computer-Assisted 
Research into Teaching-
Learning Outcomes (CARTLO)

2025 TALPA

$0 U.S. dollars in 2025, using 
personal computer at home and 
GA4 with remote data centers 



Interval for observing and coding 
learning journeys 

1983 NTPA

2 semesters, or about 32 

weeks 

2025 TALPA

4 weeks 



Time preparing for data analysis  

1983 NTPA

About 8 months, including 
software development for 

data entry from paper-and-
pencil coding forms; and data 
entry on computer 

2025 TALPA

Several days, including 
definition of key events in 

GA4, and defining segments 
for overlap analysis.  No 
software development 
needed; no data entry on 
computer needed 



Time for each analysis 

1983 NTPA

Use of Scientific Information 
Retrieval System on IU VAX 

11/780 minicomputer and 
SPSS:  a few minutes each 
run 

2025 TALPA

Use of Google data centers 
(cloud) and GA4 Explore 

Tools:  a few seconds each 
run 



1983 NTPA Results



2025 
TALPA 
Results

There were 6.66 
times as many 
Achievers who 
chose IUPTAT 
instruction that was 
designed with First 
Principles as there 
were Achievers who 
did no FPI-designed 
instruction. 



Generalizability of findings 

1983 NTPA

Narrow:  central Indiana, 
mildly disabled children, ages 

6 – 12, moderate confidence 
in findings (consistent with 
past ALT research) 

2025 TALPA

Worldwide:  adults ages 14 to 
70+ years old; high 

confidence in findings 
(consistent with previous 
IUPTAT findings from 2019 
through 2024) 



REDESIGN OF IUPTAT 
IN 2015

Using First Principles of Instruction as the Design Theory



First Principles of Instruction (David 
Merrill, 2020)

5. Integration

1. Problem-Centered

4. Application 3. Demonstration

2. Activation



Five First Principles

1) Acquire knowledge and skill via a problem-solving strategy in the 

context of real-world problems or tasks;

2) Activate an existing mental model as a foundation for new skills;

3) Observe a demonstration of the skill to be learned that is consistent with 

the type of skill being taught;

4) Engage in the application of their newly acquired knowledge and skill 

that is consistent with the type of content being taught; and 

5) Reflect on, discuss, and defend their newly acquired skills.  (p. 4)



Indiana University Plagiarism Tutorials and Tests 
(IUPTAT):  How to Recognize Plagiarism

■ Certification Tests and randomized administration of tests developed 

in 2013-14—to address problem of student cheating

■ Instruction designed using First Principles of Instruction in 2015

■ Redesigned IUPTAT went live on January 2, 2016

■ Test item pools expanded in 2017-18

■ Now trillions of randomized 10-item Certification Tests

– Easier tests for undergraduate and advanced high school 

students

– Harder tests for graduate students

■ Since 2016 through January 28, 2025, Certification Tests were 

passed by more than 1,302,272 students from 222 countries and 

territories worldwide



How to Access IUPTAT

In your Web browser go to:

https://plagiarism.iu.edu 

https://plagiarism.iu.edu/


Authentic 
problems, 
organized 
from 
simple to 
complex



Activation



Demonstration



Application



Application
(cont’d)



Application
(cont’d)



Application
(cont’d)



Integration



Certification 
Tests



Certification
Tests (cont’d)



Certification
Tests (cont’d)



Certification
Tests (cont’d)



Certification
Tests (cont’d)



Certification Test Passed



Certificate
Awarded



GOOGLE ANALYTICS 4
Define Key Events

Explore:  Segment Overlaps



Embedded
JavaScript
for
Coding
Instructional
and
Learning
Events
(provided by
 GA4)



GA4 Setup:  Define Custom Events



E.g., Define Custom Event for FPI 
Application Principle



Excerpt of Temporal Map of IUPTAT User 
Learning Journey (key events are blue-flagged)



Millions of IUPTAT Temporal Maps 
Stored at Google Data Centers



GA4 REPORTING TOOLS



GA4 Realtime Overview:  Typical a.m.



GA4 Realtime Overview: Typical p.m.



IUPTAT Users for 2024:  201 Countries



Tracking
Key Events
Defined in
GA4 Setup



DOING TALPA WITH GA4



TALPA Queries

1) When active users had Tried Any FPI, 

how often were they Achievers?

2) When active users had not Tried Any FPI, 

how often were they Achievers?



GA4 Segment Definition:  Tried any FPI



GA4 Segment 
Definition:  
Achievers



GA4 Explore: 
Segment Overlap 

■ Time interval:  last 28 days

■ Segment Comparisons:

– Achievers

– Tried any FPI

■ Values:

– Active users

– User engagement

– Key events



GA4 Segment Overlap Results



Achievers who Tried Any FPI:  9,634 
Active Users



Achievers who had not Tried Any FPI:  
1,459 Active Users



TALPA Queries

1) When active users had Tried Any FPI, 

how often were they Achievers?  9,634

2) When active users had not Tried Any FPI, 

how often were they Achievers?  1,459

Odds Ratio:  9,634/1,459 = 6.6 to 1



Conclusion from TALPA Findings

■ Adult students who tried any part of the IUPTAT online 

tutorials designed with First Principles of Instruction (FPI) 

were about 6.6 times more likely to master the learning 

objective, when compared with adults who had NOT tried 

any part of the FPI-designed instruction.

■ This empirical scientific evidence illustrates the connection 

of instructional design theory with online learning outcomes.

■ TALPA methodology demonstrates that instruction designed 

with First Principles is often effective—i.e., likely to result in 

student learning achievement.
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Photo Credits

■ Google Data Center:  https://www.google.com/about/datacenters/gallery/ 

■ Boeing 737 Airplanes (cropped):  https://en.wikipedia.org/wiki/Southwest_Airlines 

■ Screenshots from IUPTAT (cropped):  https://plagiarism.iu.edu 

■ Screenshots from GA4 output via IUPTAT registration ID=G-0234HE7Y3S (cropped)

■ Remaining images in Wikipedia, public domain, except for iPhone (personal) and 
Southwest app for iPhone (both cropped)
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