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Error Analysis 

 Error analysis is a term used by many different 

disciplines, and that has multiple meanings. A recent 

search of Google Scholar indicates tens of thousands of 

articles with error analysis in their keywords. And, 

while a generic definition of error analysis might sug-

gest a simple determination of how or when errors oc-

cur, error analysis in the sciences may examine the 

degree to which a measurement may vary around a 

mean or how two estimated values may change if pa-

rameters are changed.  In the field of education, error 

analysis has a long history of application in mathemat-

ics (e.g.,  Radatz, 1979) and in second language acqui-

sition (e.g., Corder, 1967, 1978). More recently, Nar-

ciss and Huth (2004) explored error analysis in the con-

text of developing informative tutoring feedback. In 

this paper, we propose a unique approach to using error 

analysis in the field of instructional design – that is, a 

way to integrate ethnography of errors, if you will, into 

the design and development of remedial learning ob-

jects. 
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Abstract:  This paper describes an approach to student error analysis that was developed as part of a project to 

design, create, implement and evaluate customized instructional modules to teach the topic of normal distribu-

tion  in an undergraduate business statistics class. In order to identify the required content for the modules, de-

tailed steps within the ADDIE model were followed.  These included using detailed objectives to conduct an 

even more detailed analysis of the tasks that would be required of students in order to master the objectives.  

Keywords:  Student analysis of error  

 

The Project: Customization of Online Instruction in 

a Business Statistics Course 

 The purpose of the larger project was to im-

plement customized online learning modules for under-

graduates in a business statistics course. These modules 

were to act as intelligent tutors, providing highly indi-

vidualized instruction and remediation as needed by the 

learners. A single topic, the normal distribution, was 

selected.  The full accounting of the project is the sub-

ject of Kunzler’s (2012) dissertation research. In this 

current paper, we would like to address a specific part 

of the project: how student errors were identified and 

deconstructed as part of task analysis. 

 After the development of eleven specific ob-

jectives in the Analysis Phase, a task analysis deter-

mined the sequence of steps that a learner would need 

to complete in order to accomplish each objective.  

Table 1 displays Objective Four and its task analysis as 

an example. Eighteen different steps are needed to 

complete the task and demonstrate mastery of Objec-

tive Four. 
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Table 1 

 

Task Analysis for Objective #4 (from Kunzler, 2012) 

 

Objective #4:  Given a normally distributed dataset, a computer spreadsheet, and a numerical value, the student will 

correctly calculate the Z-statistic that corresponds to the numerical value.  

Objective #4 Task Analysis 
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1.  Open the dataset in a Microsoft Excel® spreadsheet L L L X X X       

2.  Identify the appropriate column or row of values that comprise 
the normally distributed dataset 

L L L X X X       

3.  Select a blank cell on the spreadsheet L L L X X X       

4.  Enter the first part of the formula to compute the mean value by 
typing “=average(” in the cell 

L L M X X X       

5.   Use the mouse cursor to select the column or row of values 
identified in Task #2 above 

L M M X X X       

6.   Type “)” into the cell after selecting the values L L M X X X       

7.  Finish the mean formula by pressing the enter key L L M X X X       

8.  Select another blank cell on the spreadsheet L L L X X X       

9.  Enter the first part of the formula to compute the standard devia-
tion by typing “=stdev(” in the cell 

L L M X X X       

10. Use the mouse cursor to select the column or row of values 
identified in Task #2 above 

L M M X X X       

11. Type “)” into the cell after selecting the values L L M X X X       

12. Finish the standard deviation formula by pressing the enter key L L M X X X       

13. Select another blank cell on the spreadsheet L L L X X X       

14. Enter the given value into the cell L L L X X X       

15. elect another blank cell on the spreadsheet L L L X X X       

16. Option A: Calculate the Z-statistic by entering the formula “=(x
-m)/s”, where x, m, and s are entered by clicking on the cells 

that contain the given value, the calculated mean, and the cal-

culated standard deviation, respectively 

M M M X X X       

17. Option B: Calculate the Z-statistic by entering the formula 
“=standardize(x,m,s)”, where x, m, and s are entered by click-

ing on the cells that contain the given value, the calculated 

mean, and the calculated standard deviation, respectively 

M M M X X X       

18. Round the Z-statistic to the nearest hundredth, tenth, or whole 
number (as specified) 

M L M X X X       
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 In order to design and develop the customized 

learning modules, it was critical to understand what 

types of errors students might make in completing this 

task and in attempting to meet Objective Four. An 

analysis of student errors was undertaken in stages – 

the analysis first asked WHAT errors the students 

made, then WHERE in the task sequence the errors 

were made, and finally, WHY students made those 

errors.  While the WHAT and WHERE questions are 

more typical of the Design Phase, it was the qualitative 

study of WHY that provided the best approach to de-

signing the instruction itself. 

 

WHAT errors did the students make? 

 To identify which errors students might make 

while attaining the objectives, a 10-item achievement 

assessment (which had been determined to be aligned 

with the objectives) was administered to the under-

graduate business statistics class in the semester prior 

to the implementation of the study (Kunzler, 2012).  

These students had completed instruction on the topic, 

the normal distribution. Student responses were re-

corded and categorized by response. The frequency 

with which any given response occurred was calcu-

lated. Figure 1 shows the frequency of each response 

for Question 7, which was aligned with Objective 4. 

Question 7 was a free-response (not multiple choice) 

item. As can be seen, only six students (9%) returned 

the correct answer; 91% of students responded incor-

rectly.  

 

Although the identification of WHAT errors occurred 

was useful in identifying preliminary patterns of incor-

rect responses., it was not adequate to facilitate the 

design and development of the customized instruc-

tional modules. Knowing WHAT errors occurred (and 

their frequency) primarily highlighted the most com-

mon errors and indicated that most students were un-

able to master the objective. In a routine ADDIE proc-

ess, knowing that most students missed this question 

and could not meet the objective might provoke a de-

sign response of repetition and additional practice.  

However, merely adding more problems would not 

meet the goals of the project, which was to create 

highly individualized instruction. 

 

Figure 1. Sample Frequency Chart Showing Frequency of Given Student Responses.  



50           www.jaidpub.org  ∙  May 2013 ∙   ISSN: 2160-528950 

 

WHERE did students make their errors? 

 The next attempt to analyze errors in a way 

that would inform the design process was to map the 

errors against the elements of the task.  In this step, 

students were asked to describe their error, and then 

each students’ descriptions were compared to the spe-

cific steps in the task. In the example for Question 7 

below, Table 2 contains a few of the students’ descrip-

tions, and Figure 2 shows how all the students’ de-

scriptions are summarized vis à vis the tasks pertaining 

to Objective Four.  

 As can be seen in Figure 2, almost all of the 

student errors were related to Task 4, #17: Calculate 

the Z-statistic by entering the formula “=standardize”.  

Table 2.  
 

Sample of Student Responses and Errors for Question #7. 

Figure 2.  Sample Frequency Chart Showing Frequency of Errors According to Task.  
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However, once again, using this method to identify 

potential topics for the customized instructional mod-

ules proved to be insufficiently helpful:  there is not a 

fine enough discrimination between the student de-

scriptions when those descriptions are mapped onto the 

task list.  Therefore, combining an error analysis with 

the task analysis could not form an adequate basis for 

the design and development of the customized instruc-

tional modules. 

 

WHY did students make their errors? 

Although the task analysis itself was impor-

tant in designing the instructional programs, categoriz-

ing student errors by corresponding task proved to only 

be marginally useful because it resulted in insufficient 

differentiation among the student error categories. 

Comparing the WHAT category of error (Figure 1) 

with the WHERE category of error (Figure 2) indicates 

that only three steps within the task analysis were in-

volved. Five different incorrect responses were given 

by two or more students, and several other incorrect 

responses were given by individual students. The five 

different incorrect responses were made by 91% of the 

students!  If customized remedial instructional mod-

ules are to be successfully designed and developed, the 

source of student error must be more fully understood.  

Therefore, a final and different approach to the prob-

lem was attempted: understanding WHY students 

made the errors they did. 

In this approach, again using only Question 

#7 as an example, each of the six responses (one cor-

rect and five incorrect) were analyzed in conjunction 

with the students’ self-stated reasons for their answers.  

Students who had arrived at the same (incorrect) re-

sponse had different reasons for coming to that re-

sponse; and students who had arrived at different 

(incorrect) responses had actually committed the same 

error. Individual student self-reported reasons were 

analyzed and coded into error categories.  The coded 

error categories were phrases that summarized specific 

student behavior that led to the error. As indicated in 

Figure 3, although five incorrect responses  were given 

by two or more students, there were six different error 

categories identified by the researcher. 

As shown in the sample data in Figure 3, the 

most common student error on Question #7 occurred 

when students mistakenly used the normdist function 

instead of the standardize function.  Another fre-

Figure 3.  Frequency Chart Showing Frequency of Errors by Error Type.   
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quently occurring error for this question was the omis-

sion of the negative sign.  This step in the process al-

lowed the designer to identify the most common errors 

and to develop customized instructional modules based 

on the identified reasons for common errors.  It also 

allowed the designer to determine if the cost of devel-

oping customized instructional modules would be too 

high for uncommon errors. 

The process exemplified in the tables and 

figures in this paper for Question 7 and Objective Four 

were followed for each of the ten questions of the as-

sessment, for each of the eleven instructional objec-

tives, and for each of the elective task lists.  In every 

case, the final qualitative consolidation of self-reported 

student error analysis (the WHY error analysis) proved 

to be the most useful in designing and developing the 

customized instructional modules.  Only the final 

WHY error analysis provided critical discrimination 

among error types and supported the development of 

the final customized instructional modules. 

 

The Application in Support of the Error Analysis 
In a final note, among the unique aspects of 

this student error analysis is the fact that all the analy-

ses themselves – the tabulation of correct and incorrect 

responses, the WHAT, WHERE, and WHY analyses – 

were all conducted within a single Microsoft Excel 

spreadsheet utility (Kunzler, 2012).  The senior author 

was able to program Microsoft Excel to analyze the 

data and to display those data in a series of dashboard 

graphics enabling the user to move from one question 

to another, and from one analysis to another, by using 

drop down lists and option buttons.  Programming 

these features in Microsoft Excel appears to be a new 

contribution to the functions of the spreadsheet appli-

cation in error analysis.  

 

Conclusion 
 

The analysis of student errors was a very 

helpful and necessary input into the process of design-

ing and programming the customized instruction.  The 

results of the analysis were used to predict the errors 

students will most likely make in the future, thus ena-

bling the development of logical algorithms for launch-

ing customized instructional content when student er-

rors exist.  The error prediction then warranted the 

development of a specific piece of customized instruc-

tion to be launched for students who made an error 

during one step of the process. In the custom module 

developed for this larger project (Kunzler, 2012), these 

pieces of customized instruction were delivered to in-

dividual students as video content.  A unique piece of 

video content was developed for the purpose of in-

structing students for each type of error made during 

instruction. The customized modules would have been 

much more limited if WHAT student errors only had 

been identified.  Instead, by also understanding 

WHERE and WHY student errors occured, the result-

ing modules were completely customizable to student 

needs. 
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