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This paper demonstrates how to optimally score a test with Lertap 5 when the test has a
mixture of supply1 and multiple-choice test items.
The items are from an international study of numeracy among Year 7 students. A 15-item test
was involved – the actual questions are seen at the end of this paper. The original study may be
found at the following URL:
http://www.edmeasurementsurveys.com/TAM/Tutorials/4CTT.htm
Nine of the items were supply items scored by teachers as (0,1), that is, zero points for an
incorrect answer, one point for a correct answer. These were items 1, 2, 5, 7, 8, 9, 10, 13, and
14. Here is an example of one of the supply items:

The other six items were multiple-choice items; these were items 3, 4, 6, 11, 12, and 15. The
first five of these items had four options (1,2,3,4). The last item, 15, had five options but for
some unexplained reason was coded by teachers as being right or wrong, (0,1).
The actual data file for the study may be downloaded by visiting this webpage and, under the
section labelled “Data files”, clicking on “Numeracy data file in csv format”. On most up-to-date
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Supply items are also known as “constructed response” items.

computers, csv2 files will automatically open in Microsoft’s Excel spreadsheet program
(assuming, of course, that the computer has Excel installed on it). The screen snapshot below
displays the first 10 data records as seen in Excel 2016:

A study of the csv file will reveal that student responses to all of the supply items were coded as
(0,1), that is, zero for an incorrect answer, one for a correct answer. It turns out that item 15
was also coded in this manner even though it was a multiple-choice question with five options.
Responses to the other multiple-choice items were coded as (1,2,3,4), reflecting the option
selected by students on those items. Above, for example, we see that the 5th student chose
option 3 on item I6 (row 5, column F).
We can say, therefore, that the set (0,1,2,3,4) was used to code the item responses. Many of
the items used just the first two members of this set, (0,1), while others used the last four,
(1,2,3,4).
I will now use Lertap 5 to score the test and to examine item performance. Lertap 5 is an item
and test analysis system which runs as an Excel “app”. It derives directly from a mainframe
package I originally created in 1973 using the FORTRAN programming language.
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csv means “comma-separated values”. To see a csv file in its raw state, open it with a text editor such as
Notepad (Windows) or TextEdit (Mac).
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As I go about applying Lertap 5, I will point out how the response coding scheme used in the
study involved a bit of intricate maneuvering in order to get the program’s output to look its
best. More likely than not other item analysis programs would require at least a bit the same
sort of effort.

CCs lines in Lertap 5
Taken as a group, the items can be said to use response codes of (0,1,2,3,4). Many of the items
use just (0,1) while the others use (1,2,3,4). No item actually uses (0,1,2,3,4) as possible response codes.
The following lines would score the test in Lertap 5, giving one point for each correct answer3:
*col (c2-c16)
*sub res=(0,1,2,3,4), title=(Scoring1)
*key 11411 11111 31111

The lines above assume that item responses have been coded in columns 2 (c2) through 16 (c16)
of Lertap’s Data worksheet4. The res=(0,1,2,3,4) assignment tells Excel which item responses
are valid; if a column is found to have another response, such as, for example, a null response
(empty cell) or, for example, a 5, then Lertap will process that response as missing data. (For
readers unfamiliar with Lertap 5, this document is suggested viewing.)
Of the 15 items, only two, the 3rd item and the 11th item, have a correct response which is not
1 (one). This is indicated on the *key line. As seen on that line, the correct answer to the 3rd
item is 4, while 3 is the correct answer on the 11th item.
The lines above are referred to as “CCs lines” as they are always found in an Excel worksheet
called CCs – the letters stand for “control cards”. This is an historical anomaly.
The purpose of CCs lines in Lertap is to score tests. The three lines above will certainly do that,
but they have a slight problem: as they stand, they imply that all of the test’s items use the set
of response codes given in the res= assignment. This isn’t the case, and, because it isn’t,
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The 15 entries on the *key line are the “keyed-correct” answers to the items. I have grouped them in
three sets of five keys just because that is my preference. It’s not necessary to group the keys; many
people would just use one string, 15 characters long.
4
I added an ID field in the first column, moving all the item responses one column to the right.
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Lertap’s output will not be what I would call “optimal”. It will be accurate in terms of the
statistics it produces, but the format of some important sections of the output will be somewhat
messy.
Let me take two of the items to show the limitations that will result by running Lertap with the
CCs lines shown above.
The first item is a supply item coded (0,1). Lertap’s “Freqs” report for this item indicates that
the 876 students who took the test were about equally split on this item. Slightly less than half
of them got the item right:

The third item is a multiple-choice question:

The “Freqs” report is a simple one. Its job is to report on the actual responses found for each
test item.
Now have a look at Lertap’s “Stats1f” report for the two items:

4

The Stats1f report has assumed that all items use (0,1,2,3,4) as response codes. But we know
this wasn’t the case, and it shows above: three of these codes (2, 3, 4) had no takers on I1, while
the first response code (0) had no takers on I3.
The various statistics reported for each item are in fact correct. But the summaries seen in
Stats1 look rather bad in my opinion. Things would be cleaner and look better if we got in and
told Lertap that the items use different response codes (as readily seen in the Freqs report).
This is done by making changes to the CCs lines. The following example uses a *alt line to
specify the last alternative in the res= assignment that was used by each item.
*col (c2-c16)
*sub res=(0,1,2,3,4), title=(Scoring2)
*key 11411 11111 31111
*alt 11441 41111 44111

*alt lines are interpreted with regard to the res= assignment. The last alternative in the res=
assignment used by the first two items was 1 (one) according to the *alt line seen above, while
the last alternative used by the second and third items was 4 according to the *alt line above.
This isn’t quite right, but let’s see how the Stats1f report will look now:

Things are a bit better; the results for I1 are cleaner than before as only the two options used by
that item are listed. There aren’t any <no lines showing for I1.
I3’s display, on the other hand, has not been corrected. This item did not use 0 (zero) as a
possible option. Can I get rid of that <no line for I3?
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Yes, I can. To clean up items which do not use one or more of the characters seen at the start of
the res= assignment, *mws lines are employed. The best CCs lines for scoring the test are seen
below:
*col (c2-c16)
*sub res=(0,1,2,3,4), title=(Scoring4)
*key 11411 11111 31111
*alt 11441 41111 44111
*mws

c4, *, 0, 0, 0, 1

*mws

c5, *, 1, 0, 0, 0

*mws

c7, *, 1, 0, 0, 0

*mws c12, *, 0, 0, 1, 0
*mws c13, *, 1, 0, 0, 0

The first *mws line above refers to the third item, the item whose responses are found in c4
(column 4). The five *, 0, 0, 0, 1 characters refer directly to the five characters found in
the res=(0,1,2,3,4)assignment. They say that the first character found in the res=
assignment was not used by the item, the item score to be given to students selecting the
second entry in the res= assignment is to be zero, the item score to be given to students
selecting the third entry in the res= assignment is to be zero, the item score to be given to
students selecting the fourth entry in the res= assignment is to be zero, while the item score to
be given to students selecting the fifth entry in the res= assignment is to be one.
The correct answer to the third item, coded in column 4, is 4, the fifth entry in the res=
assignment. One point will be given to students who select the correct option.
The correct answers to items 4, 6, 11, and 12, coded in columns 5, 7, 12, and 13, are 1, 1, 3, and
1 respectively. One point will be given for each correct answer.
*mws lines are used as a scoring map. They have values which directly score each of the entries
found in the res= assignment. These values do not have to be integers. See more examples
starting at “Example C10” on this webpage.
After making these changes and running Lertap again5, the Stats1f output is as follows:
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By taking the Interpret and Elmillon options as mentioned here.
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The Stats1f results are cleaner than they were. The first item has just two option lines now
instead of five, and the third item now has four option lines instead of five.
A similar clean up will be found when the Stats1b and Stats1ul reports are examined.
It might be worth repeating that the very first set of CCs lines seen above, at the start of this
document, will work fine and result in correct statistics for all of Lertap’s reports. All I’ve done is
indicate what I would do to make the output easier to read and more reflective of how many
responses each item actually employed.
There is even another way to accomplish these things. The CCs lines tell Lertap and Excel how
items are to be scored when the Elmillon option is taken. They do so by creating hidden Excel
worksheets called “Sub” sheets – when Elmillon runs it gets all item scoring instructions from
these sheets. When the “user run mode” option is used, the Sub sheets are not hidden. This
makes it possible to re-code the scoring instructions directly in the Sub sheets without having to
add *mws and *alt line on the CCs sheet. For more information, write to support@lertap.com.

Iteman4 and jMetrik
Iteman is a program developed by Assessment Systems Corporation. It’s a solid item and test
analysis program with a pedigree nearly as long as Lertap’s.
As good as Iteman4 is, it could not analyze the 15 items featured in this paper. This is because
Iteman assumes that the responses for cognitive test items will consist of a set starting with a “1”
such as (1,2,3,4), or starting with an “A”, such as (A,B,C,D). As we’ve seen, many of the items
used in this study used response codes of (0,1). The zero would throw Iteman off. We’d have
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to recode the item responses if we wanted to analyze them with Iteman; for example, we could
convert (0,1) to (1,2).
jMetrik is a free item analysis program authored by Patrick Meyer at the University of North
Carolina. Its ability to score items is similar to Lertap’s in that it has the capability of working
with any response code set, even those which include zeros.
The statistics for the first three items as produced by jMetrik are shown below. Note that the
correct number of response codes is found for each of these items6.

I have more comments on Iteman and jMetrik in this paper.

The actual test items are shown starting on the following page. They’re from the following
website:
http://www.edmeasurementsurveys.com/TAM/Tutorials/4CTT.htm
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jMetrik doesn’t need the “Overall” row when right/wrong items are processed but there is no way to
turn it off (note how the Overall line and that for the correct answer are the same).
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1. Area [ID:N904]

Acceptable numeric values

Between 22 and 25

2. Tables [ID:N905]

Acceptable numeric values

Equal to 60
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3. Jigsaw Puzzle [ID:N907]

4. Internet Usage [ID:N911]
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5. Grand Prix [ID:N914]

Acceptable numeric values

Between 180 and 220

6. Liechtenstein [ID:N915]
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7. Wagon Wheel [ID:N917]

Acceptable numeric values

Between 3 and 3.2

8. Height Estimation [ID:N919]

Acceptable numeric values

Between 7 and 8
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9. Science Tests© [ID:N970]

Acceptable numeric values

Equal to 64

10. Time Difference [ID:N922]

Acceptable numeric values

Equal to 7
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11. Probability [ID:N924]

12. Equation [ID:N927]

14

13. Choices© [ID:N967]

Acceptable numeric values

Equal to 6

14. Olive Oil [ID:N930]

Acceptable numeric values

Equal to 50
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15. Shapes [ID:N935]
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