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ample 1, The MathsQuiz
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W| Home | ]nsert| Pagela:| Fu-rmul.i| Data| Review | Viml Dwelu|:| Add-lns| P 9 = e E3 quiz given to hlgh school
X Delete @ Sort DBIank ﬁ}lnterpret ﬁHistograms * &4 Move+ - maths ClaSSES in a
Q‘u"ersmn ;53; Line @Headers % Elmillon Scatterplot % License Chicago SChOOl dIStrICt
' Spread a9 Eucel = .& Copy 9 Maore gl Res. charts ? Lelp
Easic options Mew menu Run menu Graphics trio Other menus
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2 D 11 12 I3 14 I5 16 17 18 19 I10 I11 I12 I13 I14 Ii5 multiple-choice
3 Student 1 2 4 2 3 1 1 4 2 1 4 3 5 2 4 2 ) - "
4 Student 2 2 4 3 3 2 2 4 1 3 2 1 3 1 3 1 questions (or “items”).
5 Student 3 1 4 2 2 1 2 4 4 1 2 1 2 3 1 2
] Student 4 3 4 1 2 1 1 3 2 3 2 5 3 5 2 1 .
7 Student 5 3 4 3 3 2 1 4 1 1 2 1 3 1 1 3 Each question had four
8 Student 6 3 4 1 2 3 2 4 1 3 2 1 1 1 1 4 options.
Q Student 7 3 4 2 4 1 2 4 1 1 2 1 2 1 2 1
10 Student 8 2 4 1 3 1 2 3 2 1 4 4 4 2 3 1
11 Student 9 3 4 1 4 2 2 3 2 3 4 1 1 2 1 1 This slide shows the
12 Student 10 3 4 1 4 1 3 4 5 1 2 4 2 3 2 3 .
13 Student 11 4 4 2 4 2 4 4 1 1 4 1 4 1 1 1 answers given by the
14 Student 12 3 4 2 4 1 2 1 1 2 4 1 3 1 4 1 first 16 students.
15 Student 13 3 4 1 3 2 2 2 2 3 4 4 3 3 2 1
16 Student 14 3 4 3 1 1 5 2 1 4 3 1 3 3 5 4
17 | Student 15 2 4 1 3 2 1 1 2 3 4 1 3 3 4 9 In total, 999 students
18 Student 16 3 4 1 3 1 4 4 1 3 4 1 3 1 1 3 = .
M4 4 » ¥ | Data /TCs %3 4[] N took the quiz.
Ready | 3 | [Eom o U ®

This is how Lertap5 typically looks in Excel. The data above are from a “cognitive” instrument, a test. NOTE: it’s
possible to download this dataset if you want to play along: get it here. Download Lertap itself from here.



https://www.lertap5.com/HTMLHelp/Lrtp59HTML/index.html?mathsquiz.htm
https://lertap5.com/HTMLHelp/HTML/index.html?how_to_get_lertap.htm
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Many times surveys are
anonymous, and that was
the case here: there are no
ID numbers in the first
column.

The gender of each
respondent was coded in
column 30 (not seen here).
It’s possible to breakdown

results by gender (see this
link).
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https://lertap5.com/HTMLHelp/HTML/index.html?ibreaks.htm
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1 '2 /3| 4|5|6|7|8|9|10/11 12|13 14 15 16| «[| | sections: “Basic options”,
1 |Based on data from BilogMG3's exampl01.dat = “New menu”, “Run menu”,
2 D I1 12 I3 14 Is I6 17 I8 19 I10 I11 112 113 114 115 “Graphics trio”, and “Other
3 Student 1 2 4 2 3 1 1 4 3 1 4 3 5 2 4 2 menus”.
4 Student 2 2 4 3 3 2 3 4 1 3 2 1 3 1 3 1
5 Student 3 1 4 2 2 1 2 4 4 1 2 1 2 3 1 2
Fi Student 5 3 4 3 3 2 1 4 1 1 2 1 3 1 1 3 “ ” “ ”
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Q Student 7 3 4 2 4 1 2 4 1 1 2 1 2 1 2 1 Excel iS Currently
10 Student & 2 4 1 3 1 2 3 2 1 4 4 4 2 3 1 .
11 Student 9 3 4 1 4 2 2 3 2 3 4 1 1 2 1 1 showing the contents of
12 Student 10 3 4 1 4 1 3 4 5 1 2 4 2 3 2 3 the ﬁrSt 18 rows and 16
13 Student 11 4 4 2 4 2 4 4 1 1 4 1 4 1 1 1
14 Student 12 3 4 2 4 1 2 1 1 2 4 1 3 1 4 1 columns of the Data
15 Student 13 3 4 1 3 2 2 2 2 3 4 4 3 3 2 1 h
sheet.
16 Student 14 3 4 3 1 1 5 2 1 4 3 1 3 3 5 4
17 Student 15 2 4 1 3 2 1 1 2 3 4 1 3 3 4 9
18 StL.IC!EFIt 16 3 4 1 3 1 4 4 1 3 4 1 3 1 1 B Student 4 Selected
4 4 » M| Data ~CCs /¥ (1] 4 [ ] 3 . .
|

Note: these slides have been created with the Windows version of Excel. This slide is from Excel 2018.
Macintosh users might see some minor differences in their display of these slides.



worksheet for the Mat

E“ H Y- s MathsQuizPPTL xlsx - Microsoft Excel = = 2R The CCS Sheet iS Used to set Up a Lertap
Lertz|| H i P F Datz | Revi | Vi D Add | & o eE OER .
MR | on | mse | Poo| Fom| Dot e | vew| vem| a0a| = @ analysis. CCs means “Control Cards”.
X Delete @ Sort DBlank @Interpret ﬁHistograms * 5 Move+ T
@‘u"ersion 153( Line = @Headers "% Elmillon Scatterplot 4 License -
¥ Spread q Excel v é Copy 4k Maore * |l Res. charts 2 Lelp Th|S CCS Sheet haS three HcardS”: *COI, *SUb,
Basic options Mew menu Run menu Graphics trio Other menus | and *key In th|5 case they're for a teSt
1 z K
1 |*col (c2-cl6) B
2 *sub res=(1,2,3,4), title=(MathsQuiz) The *col card says that answers start in
3 |*key 34142 13234 11413 column 2 of the Data sheet, and continue
& out to column 16.
5 =
i}
2 The res= control “word” on the *sub card
8 says that this test’s items used options 1, 2,
& 3, 4 . This “word” is not needed when item
10 B .
" options are A,B,C,D.
12
13 The *key card gives the “keyed-correct”
14 l e o | Iﬂv answer for each item. There are 15 entries
M4 Fr M| Data | CCs 4 Il » . .
Ready | 2 | [@om wee o U | | onthis card, one for each of the 15 items.
= |

CCs sheets will always have a minimum of two “control cards”. For cognitive instruments (quizzes, tests)
*col and *key cards are always needed, while *col and *sub cards are always required for surveys and
scales (affective instruments). Often other “cards” are included. Read more about them here.



https://www.lertap5.com/HTMLHelp/HTML/index.html?ccsdetails.htm
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This CCs sheet was used to process
responses on the 29-question version
of the Internalized Stigma of Mental
Iliness Scale, the “IMSI-29” (Slide S3).

The *col card says that answers start
in column 1 of the Data sheet, and
continue on to column 29.

The aff= control “word” on the *sub
card says that the data are “affective”
responses (indicating survey items).

The res= specification indicates the
response codes used by each of the

survey guestions.

Read more about CCs cards here.

Having now peeked at the Data and CCs sheets, we’re set to get results. The 15 step: click on the “Interpret”

option (see next slide).



https://www.lertap5.com/HTMLHelp/HTML/index.html?ccsdetails.htm
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4| 971| 97.2%
5 6] 0.6%
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“report”

Click on the «mterpret  Option on the Run
menu. If the CCs cards are all okay, Excel
will create a new worksheet called “Freqs”,
short for frequencies.

Here we see results for items I1 and I2.
The most popular option on I1 was 3, while
for 12 it was 4.

What'’s a “response” of 9 doing here? In this
dataset, a 9 was used if a student did not

answer an item. What about a 5? (Six
students had a response of 50n I2.)

These 5s were errors. Bubble sheets were
used to get student answers, and some
students, probably intending to shade in
bubble 4, made a mistake and shaded in the
adjacent bubble, 5.

Click here for more about Freqgs.

The Fregs report provides the opportunity to check on data quality. Once satisfied that the data are sufficiently
free fromerrors, you’ll move on to the 2nd step, the “Elmillon” option, to get statistics.



https://www.lertap5.com/HTMLHelp/HTML/index.html?freqs.htm
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Basic options New menu Run menu Graphics trio Other menus
LertapSlbrief item stats for "MathsQui", created: 5/05/2012. -
Res = 1 2 3 4 |other| diff. | disc. | ?
I1 3% 9% | _B4% 4% | 1% [ 0.84 0.26
I2 1% 1% 1% | 97% | 1% | 0.97 0.12
I3 0% | 15% E% 2% | 5% | 0.70 0.35 3
I4 10% 4% [ 35% | _50% | 1% | 0.50 0.41
IS 28% | _59% 3% 6% | 5% | 0.59 0.47
I6 S54% | 12% | 14% 6% [ 15% | 0.54 0.47 L4
I7 10% | 11% | 50% | 28% | 1% [ 0.50 0.47
I8 21% | _57% 4% | 10% | 8% | 0.57 0.36
19 26% 4% |_H62% 3% | 4% | 0.62 0.51
I10 5% | 47% 7% | 40% | 2% | 0.40 0.42
I11 47 % 2% 3% | 46% | 2% | 0.47 |- 0.52 |14
I | [ e 15 1A 08 e s 10 sl
TR [ ,/ Freqs / Scores / Statsif | Statsib 1 |_|
Ready | [ | 100% @—U—@

It is possible to combine the two steps (Interpret and Elmillon) so that only the first (Interpret) is needed. This is done
by using a setting in the System worksheet. Click here to read more.

The 2"d step in a Lertap analysis: click the
Elmillon option (blue arrow). This will get Excel
to create a variety of statistical summaries.

One of these summaries, the “Stats1lb” report,
is highlighted when Elmillon finishes. It has
two parts: a table with response percentages
(seen on the left), and a chart of the item
“diff” and “disc” values (next slide).

The last column in the table, ?, is for item
“flags”. This column has entries when the
responses to an item do not follow what might
be expected. In this example, two of the
options for I11 have been flagged, options 1
and 4. (Click here for more info.)

The “b” in Stats1b means “brief”. This report is
a simple, concise summary of results. It’s easy
to have Excel print this report; comments on
printing are here.



https://www.lertap5.com/HTMLHelp/Lrtp59HTML/index.html?mathsquiz.htm
https://www.lertap5.com/HTMLHelp/Lrtp59HTML/index.html?printing_results.htm
https://lertap5.com/HTMLHelp/HTML/index.html?productionmode.htm
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Lertap’s Statslb plot of item difficulty,
“diff”, by discrimination, “disc”, is
shown to the left.

When a test is meant to pick out the
strongest students, this plot should
not have any disc. values below 0.00.

But this one does. I11’s discrimina-
tion value (disc.) was -0.52. This
stems from an error in the *key card,
a “mis-key”, as discussed here.

For more plots of this type, see if your
mouse will click here.
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Checking for mis-keyed items is obviously
important. Errors of this sort reduce a
test’s reliability and, if not corrected, will
lead to further errors when it comes to
interpreting and grading student results.


https://www.lertap5.com/HTMLHelp/Lrtp59HTML/index.html?stats1f_reports.htm
https://www.lertap5.com/HTMLHelp/Lrtp59HTML/index.html?mnur_sample_results.htm
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AutoSave E DO DS Gridlines  »
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This slide shows what the Statslb report
looks like when affective items are
processed.

Here results are displayed for the initial
10 questions on the “IMSI-29” scale as
collected from a sample of U.S. adults
suffering from depression (Slide S3).

The items on this scale all used {1,2,3,4}
as their response codes. The “other”
column will have entries whenever
missing responses are found.

An item will have a minus sign in the
“pol” column if it has been reverse
scored.

The “cor” column indicates the degree to
which an item’s responses correlate with
the other items in the scale. The next

slide displays a plot of the item “cor”
figures.
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This snapshot shows the
plot seen at the bottom of
every Statslb report for
affective items.

The items in this case are
those from the IMSI-29
mental illness scale.

Coefficient alpha reliability
was good at 0.93.

Most items had correla-
tions above 0.40. Alpha
would be higher if four
items (9, 25, 28, 29) were
excluded from the scoring
(should that be desired).

Lertap5 also computes
McDonald’s omega
reliability. See this topic.


https://lertap5.com/HTMLHelp/HTML/index.html?omega-reliability.htm

tatslf summary for both tests

Summary statistics

“Stats1f” is another standard report
made by Elmillon. The “f” stands for

number of scores (n): 999 “full”. The results here pertain to the
IQWEH score found: 0.00 (0.0%) MathsQuiz cognitive test, Slide S2.
highest score found: 14.00 [93.3%)

median: 8.00 F3.3%

[ a] Read mode about Stats1f reports here —
mean (or average): 7.67 [311%] a1 hat thev h | -
standard deviation: 288 (824 you fsee t at.t fey ave severa sections,
standard deviation (as a sample): 2.89 (12 with far more.m.ormatlon -than. the.
variance (sample): 8.37 summary statistics shown in this slide.

number of subtest items: 15 The reliability of the MathQuiz, 0.68, was
minimum possible score: 0.00 low. This was largely due to one of the
maximum possible score: 15.00 items, 11, being mis-keyed. Fixing the
reliability (coefficient alpha): 0.68 *key line in the CCs worksheet (Slide S5)
coefficient alpha 95% CI: 0.65 <----> 0.71 to correct this error would bring the
index of reliability: 0.83 reliability up to about 0.80 (see the next

standard error of measurement: 1.63  [0.8%) slide).

Lertap5 will also compute McDonald’s
omega reliability estimate. See this topic

Stats1b and Stats1f are made for all instruments, be they cognitive or affective in nature. A third report,
Stats1ul, is also created for cognitive instruments — see the next slide.



https://lertap5.com/HTMLHelp/HTML/index.html?stats1f.htm
https://lertap5.com/HTMLHelp/HTML/index.html?omega-reliability.htm
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Lertaps U-L stats for "MathsQui", created: 5/05/2012. -
= 1 2 3 4 other | U-L diff. | U-L disc.
I9 upper| 0.01 0.01 0.97 0.00 | 0.01 0.57 0.82
2nd 0.07 0.03 0.90 0.00 | 0.01
3rd 0.25 0.02 0.69 0.02 | 0.01
4th| 0.42 0.07 0.40 0.05 | 0.07
lower| 0.57 0.08 0.16 0.10 | 0.10
I10 upper| 0.01 0.14 0.02 0.84 | 0.00 0.46 0.75
2nd 0.04 0.33 0.05 0.59 | 0.00
3rd 0.032 0.58 0.07 0.30 | 0D.02
4th 0.07 0.65 0.09 0.19 | 0.01
lower| 0.08 0.66 0.12 0.09 | D.05 m
I11 upper| 0.16 0.00 0.01 0.84 | 0.00 0.44 - 0.57
2nd 0.34 0.01 0.02 0.62 | 0.00
3rd 0.54 0.02 0.02 0.40 | 0.02
4th 0.61 0.02 0.05 0.32 | 0.01
lower| _0.72 0.05 0.06 0.11 | 0.07
Summary group statistics
n_ avg. avg 5.d. min. mdn. Max.
upper 199 11.8 7% 1.0 10 12 14
2nd 199 9.3 62% 0.7 8 9 10
3rd 203 7.6 50% 0.5 7 8 g
4th 199 L.8 39% 0.7 5 ] r
lower 199 3.8 25% 1.0 0 4 L
everyone 9499 7.7 51% 2.9 0 8 14

M 4 F M| Statsib - cseml | Statsiul ¥ ] 4] il

=a=]

“Statslul” is also a standard report made by
Elmillon when cognitive items are involved.

Students have been grouped according to test
score. The top 20% are in the “upper” group,
while the bottom 20% are in the “lower”.
Altogether there are 5 groups in this report.

This provides another way of looking at item
quality. If an item is meant to pick out the top
students, then we’d want the pattern seen for
19, whosecorrect answer was 3 (underlined).
In the upper group, 97% got this item correct,
dropping to just 16% in the lower group. I110’s
pattern is similar (4 was the correct answer on
110).

But I11 has a problem. The correct answer
appears to be 1. Wrong! An error was made
on the CCs *key line: the right answer forI11
is4, not 1.

Count: 0 f |[EOE 100% @—U—@

Stats1b or Statslul. Which to use? Either. Both. They look at the same thing, item quality, from unique angles.
Have a read of Chapter 2 in the manual when you have a chance.



https://lertap5.com/HTMLHelp/HTML/index.html?stats1ul.htm
https://www.lertap5.com/Documentation/Chapter2.pdf
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See where the blue arrow is in the picture to
the left? It’s pointing to the “Res. Charts”
option (Response Charts).

Click on it to get pictures of how the test items
have performed, as exemplified here for items
19 and 110 (two of the best-performing items
in our little maths quiz).

The information in these handy little snap-
shots is taken directly from Statslul results.

ltems which are meant to pick out the best
students should have graphs like these. In the
lower groups, few students will have the nous
required to pick out the right answer, while
the top, or “upper”, students should have little
trouble.

Bone up on these plots by having a read of



https://www.lertap5.com/Documentation/UsingLertapQuintilePlots.pdf

S16: Scores!
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Graphics trio

The “Scores” worksheet is another Emillon product. The histogram on the right was made by clicking
on the “Histograms” option (natch!). Scores are made for both cognitive and affective instruments.

When scanners are used to process student response sheets, it’s not uncommon to find a student or two with a valid
ID, but no item responses. These “bad records” will usually show up at the left of a histogram. Readthis topic for an
example.



https://www.lertap5.com/HTMLHelp/Lrtp59HTML/index.html?m_nursing.htm

S17: What’s been done to here

We started with a display of a typical Lertap dataset: an Excel workbook with two
worksheets, “Data”, and “CCs”. The workbook was named “MathsQuizPPT1.xlsx”.

You didn’t see me, but | clicked on the @ mtnret option. Thisis alwaysthe first
step when results are wanted. This produced the “Freqgs” report.

Again behind the scenes, | clicked on the ‘&=mion option. This added several new
worksheets, or “reports”, to the workbook: Statslb, Stats1f, Statslul, and Scores.

| showed you two views of the Statslb report, the table view, and the plot view.
These views provide a concise summary of how the items performed. Slides S11
and S12 are similar for affective instruments.

Then we looked at the summary section of the Stats1f report to check on test
reliability.

The Statslul report provides another way to examine item performance; it’s an
alternative (or complement) to Statslb for cognitive instruments (see it again).

| wowed you by getting some guintile plots. These provide one more way to see
how cognitive items functioned, and are very popular.

Finallyl had you look at the Scores worksheet, with a histogram (see it again).

Was the MathsQuiz a good test? Can its results be used to pick out the best students? No. An error was made
when the CCs *key line was created. Item I111’s key was not correct and, as a result, the reliability was low. Is it
possible to fix this error? But of course. Easy. (Click here for more info.)



https://www.lertap5.com/HTMLHelp/Lrtp59HTML/index.html?mathsquiz.htm

S18: What has not been done to here

| did not show you how to process results from mastery, criterion-referenced, and
pass-fail tests, often used in licensing and certification. Read about this here.

When there are groups of students, such as males and females, or regional groups,
Lertap has options to look at group differences at two levels: test scores, and item
responses. When there are just two groups, Lertap will open the door so that the
possibility of differential item functioning (DIF) may be investigated.

Cheating detection is found in Lertap’s “RSA” routine (response similarity analysis).

An inter-item correlation matrix may be created, and eigenvalues computed.
Tetrachoric correlationsare supported. Scree plots are easy. An estimate of
McDonald’somega reliability coefficient is also available. More here.

Data may be imported from ASCII text files, and exported to programs such as
SPSS, SAS, Bilog-MG, Iteman, JASP, Xcalibre, and a selection of R packages.

More: recode data; data sampling; IRT analyses; coefficient omega.

| didn’t rave on about other available resources, such as the main website at
Lertap5.com, a spiffy website with sample data, some neat tips and tricks, the
manual,and comprehensive online help. Lertap may be downloaded from this

page.
And there’s our support desk, ready, waiting, ever eager: lertap5@gmail.com.
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