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This document discusses graphics-based methods for assessing the
quality of cognitive test items. It suggests that Lertap’s quintile plots
may serve as an effective visual alternative to the many tables com-
monly found in Lertap output, permitting item effectiveness to be
determined by eye. The document also suggests that “"non-standard”
qguintile plots may be used to visually detect group differences in item
response patterns.

Quintile plots

Quintile plots are Excel charts created from the information found in the “Statsul”
reports created by Lertap; such plots will play a big role in this paper. Here's an
example of the output found in a typical Statsul report:

Options-> 1 2 3 4 5 other |U-L diff./U-L disc.
A27mc Grpl, 0.00 0.00 0.00| 0.95| 0.05 0.00 0.56 0.77
A27mc Grp2, 0.04 0.02 0.05| 0.70| 0.19 0.00
A27mc Grp3| 0.02 0.12 0.10 0.47 0.27 0.03
A27mc Grp4, 0.09 0.12 0.07 | 0.26| 0.46 0.00
A27mc Grp5 0.19 0.12 0.09 0.18 0.37 0.05

The table above provides data for one item, in this case item “A27mc!”. The item
used five options, with corresponding response codes of Res=(1,2,3,4,5). The
correct answer to this item was 4, signified by the underlining seen in the column
under the 4. Note that the response codes are called “"Options” in the table.

The results in the table have been broken out by five groups: “Grpl”, “Grp2”,
“Grp3”, “"Grp4”, and “"Grp5”. These groups were formed by having Excel sort the
distribution of test scores into five levels (“quintiles”): the highest 20% (Grp1),
the 2nd-highest 20%, the 3rd-highest 20%, the 4th-highest 20%, and the lowest
20% (Grp5). The “other” column indicates the proportion of students in each
quintile who did not answer the item.

The Statsul table above reports that the proportion of students in Grpl who were
able to identify the correct answer was 0.95, or 95%. Note how this proportion
drops as we go down the correct answer column: it goes from 0.95, to 0.70, to
0.47, to 0.26, and then, in Grp5, the lowest group, to 0.18. Fewer than 20% of
the students in the weakest group were able to pick out the correct answer to
item A27mc. The report also indicates that option 5, an incorrect answer, a
“distractor”, was popular with the two lowest groups. It was also selected by
27% of the middle group, by 19% of the 2nd highest group, and even by 5% of
the top students, those in Grpl.

The end of a Statsul report has a descriptive summary of the five groups, as seen
below:

1 “A27mc” indicates that item A27 was a multiple-choice item used in Form A of the test. This test also
had some short-answer items, and there was an equivalent test form, Form B. (Reference.)


https://lertap5.com/HTMLHelp/HTML/index.html?stats_reports.htm
https://lertap5.com/HTMLHelp/HTML/index.html?defcognitive.htm
https://lertap5.com/HTMLHelp/Lrtp59HTML/index.html?stuiq.htm

Summary group statistics

n n(%) avg. avg% s.d. min. mdn. max.
Grpl 57 19.79% 32.8 66% 2.9 29 32 40
Grp2 57 19.79% 26.4 53% 1.4 24 26 29
Grp3 60 20.83% 21.5 43% 1.3 19 22 24
Grp4 57 19.79% 17.0 34% 1.1 15 17 19
Grp5 57 19.79% 11.9 24% 2.8 5 13 15
everyone 288 21.9 4490 7.5 5 22 40

The “Summary group statistics” indicate: “n”, the number of students in a group;
"n%" is "n” expressed as a percentage of the total number of students; “avg.”
the average test score for a group; “avg.%", avg. expressed as a percentage of
the maximum possible score; “s.d.”, the standard deviation of a group’s test
scores; “min.”, the lowest score found in a group; *mdn.”, the median of the test
scores found in each group; and “max.”, the highest score found in each group.

Item analysis involves a process of determining how well test items meet the
objectives they have been designed for. Tests are often meant to help us identify
the “best” students, those whose knowledge of relevant subject matter is strong,
above average. Items which assist in this process are said to be ones which can
“discriminate” the strong students from the weak ones.

Traditional item analysis has been based on a study of numeric summaries of
results. If an item is discriminating, only the top students will get it right; the
other students will be drawn off by the distractors. Item A27mc would seem to
be a good item: the proportion of students who correctly answered the item was
greater the higher the group. Conversely, the proportion of students who select-
ed the distractors was highest in the lowest groups.

Lertap provides several numeric summaries of results. They're found in the
Statsul report exemplified above, and in two other report formats which will be
mentioned later, Stats1f and Stats1b.

In this paper we’ll look at an alternative way to go about determining whether or
not an item has discriminated - we’ll use graphs referred to as “quintile plots”.
Such plots can very effectively portray how well items have discriminated.

Quintile plots are made from the proportions shown in the very first table above,
from a Statsul report. (This paper might be a useful reference.)

The “standard” Lertap quintile plot for item A27mc is shown below. The statistics

seen at the base of the plot are from the Statsif report created by Lertap. In the
plot seen below, Lertap’s option to remove line markers has been used.

Visual eye-tem analysis, p.2.
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A27mc (c32) alpha with & without: 0.850 0.843
option wt. n p pb(r) b(r) avg. z

1 0.00 19 0.07 -0.26 -0.50 14.68 -0.97

2 0.00 22 0.08 -0.18 -0.34 17.18 -0.63

3 0.00 18 0.06 -0.10 -0.20 18.94 -0.40

4 1.00 147 0.51 051 0.64 26.00 0.55

5 0.00 77 0.27 -0.29 -0.39 18.34 -0.48

other 0.00 5 002 -0.11 -0.32 16.00 -0.79

How many lines are included in this graph? Six: see the legend to the left of the
plot. There’s one line for each item option, 1 to 5, and a sixth line, “other”, cor-
responding to students who did not answer the item.

The purpose of Lertap’s standard quintile plot is to graphically trace the perform-
ance of each item option and, in so doing, allow us to visually assess the quality
of the item in terms of its ability to help us discriminate strong students from
weaker ones.

A cognitive item meant to identify the best students, those whose mastery of test
content is strong, will have a plot similar to the one above for item A27mc. There
will be one line, that corresponding to the right answer, which steadily rises from
left to right across the plot.

For item A27mc, the correct answer was 4. Look carefully at the trace of the
correct answer’s proportions?: we start with 18% in the weakest group, Grp5,
increase to 26% in the next-lowest group, the “4th” group; go up to 47% in the
middle group; to 70% in the 2nd-best group; and then, in GRP1, the top group,
hit 95%. (Note: an option is available to quickly display these group response
proportions when wanted. It's the “"Data table toggle”. Read about it here.)

A discriminating item will have trace lines for the wrong answers, the distractors,
which drop, which dip down, as we go from left to right. The purpose of the
distractors is to pose item answers which will seem quite plausible to weaker
students, but not to the top students. Effective distractors are an absolute must
for discriminating items; if they do not appear as reasonably possible answers to
some, almost everyone will get the item right, thwarting our effort to identify the
most capable students.

2 The purple line in the plot, the line that rises rapidly from left to right.
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Item A27mc has one distractor which worked particularly well: 5. This distractor
was selected by 37% of the lower group (Grp5), and by almost half, 46%, of the
next-lowest group, the 4th group. As we go from left to right across the plot we
find a pattern: the popularity of distractor 5 falls off, dropping to 5% for the top
group (Grpl). This is what we expect of well-performing distractors: they will
seem plausible only to those whose content mastery is weak — most if not all of
the top students will recognise distractors as being incorrect.

Quintile plots can take the place of Lertap’s various reports, at least to a certain
extent. Once you've got the hang of them, it’s possible to pick out poorly-
functioning items by scrolling down the graphs, looking for items which don't
display the desired pattern. The easiest give-away is simple: look for plots which
do not have one line rising rapidly from left to right; these are likely to be the
items most in need of attention.

The non-standard quintile plot in Lertap

The quintile plots pictured above have been referred to as “standard” ones. This
is because Lertap has a second quintile plot, one where the x-axis corresponds to
item options instead of quintile groups. This version of the plot is called the non-
standard version, the “"Chtb” version, or simply the “b"” version.

Here’s item A27mc in a “non-standard” plot:

A27mc
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The lines in this “non-standard” plot now trace the five groups over each of the
item options. In the “standard” plot, the lines traced the options over each of the
five groups - here, in this plot, we have simply swapped things around.

Non-standard quintile plots provide the means to examine what is referred to as
“distractor functioning”.

Let’s review what we expect of a "good” cognitive item: its correct answer will be

identified by the strongest students; the distractors will be selected by the weak-
er students. Thus, we would expect the response trace lines for the top two

Visual eye-tem analysis, p.4.


https://lertap5.com/HTMLHelp/HTML/index.html?quintileplots.htm
https://lertap5.com/HTMLHelp/HTML/index.html?quintileplots.htm

groups to be below the other lines for each distractor, and above them for the
right answer.

In the table below the plot immediately above, scan down the column for 4, the
correct answer to item A27mc. The proportion of students selecting the correct
answer declines as we go down the column, from 0.95 to 0.18, from the strong-
est quintile (Grp1) to the weakest (Grpb5).

Then pick out one of the distractors, such as 5, and scan down the corresponding
column. If all works as wanted, the proportion selecting this distractor will in-
crease as we go down the column (and this is almost the case for A27mc).

Standard versus non-standard

Given that Lertap will make two types of plot, which is best? The first type, re-
ferred to here as the “standard”, is probably the most popular. The format of the
“standard” quintile plot bears some similarity to the “ICC", the item characteristic
curve found in jtem response theory; here’s an example of an ICC taken from
Crocker & Algina (1986):

Proportion
of
Examinees .50
Responding
Correctly

.00 :
Latent Trait (8)

FIGURE 15.1 The Relationship Between Ability and Item Response

The y-axis of the ICC, the vertical axis, is the same as that found in Lertap’s
quintile plots. The abscissa, on the other hand, the x-axis, is similar but not
identical. The ICC abscissa refers to a “latent trait” of the people tested; du Toit
(2003, p.832) writes “In much of the IRT literature, this latent variable is referred
to as ‘ability’, but in an educational context a more apposite term is ‘proficiency’”.
(Note that the ICC does not concern itself with distractors, only with correct
answers; Figure 15.1 indicates that the proportion of test takers getting the item

correct steadily increases in accordance with their latent ability.)

The x-axis seen in Lertap’s “standard” quintile plot is usually based on the scores
of those tested. If we take these scores as being related to “ability”, then the
standard quintile is plotting over something similar to the ICC. Of course, the
ICC uses a continuous x-axis whereas Lertap’s x-axis is usually based on just five
grouped levels of test scores?3.

3 It is possible to have Lertap’s plots work with up to 10 “grouped levels”. See this topic.
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Lertap’s standard quintile plot is essentially identical to the item trace lines seen
in Wainer (1989), although Wainer’s x-axis, like that of the ICC, is continuous,
i.e., not broken into the five grouped levels of test scores seen in Lertap’s plots.

We might conclude, then, that the “standard” quintile plot is more aligned to the
types of item response information displays found in the literature.

Notes: it is possible to have plots which trace only the correct answer; see this
topic. Lertap has support for IRT; refer to this topic.

Sample quintile plots

A look at sample standard quintile plots may be useful. Most of the plots below
are taken from items belonging to a professionally-developed aptitude test for
high school students. The test had 70 items®. Fifty (50) of the items were five-
option multiple-choice questions, using response codes of {1,2,3,4,5}. The
remaining twenty items were short-answer questions.

Almc
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This item, Almc, reflects the pattern found for easy test items. The item is not
discriminating well at all; the proportion of people able to find the correct answer
is high even in the lowest groups; the four distractors are apparently not seen as
plausible answers by more than 10% of the test takers in any of the five groups.
This was the first item in the test, and it was intentionally designed to be easy.

4 Ttem A27mc was one of the items.
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Item Admc is also easy, but not quite as easy as Almc. Here we're starting to
see the pattern desired of a discriminating item: the trace for the right answer
dips on the left, and then steadily rises. The trace lines for the distractors are
highest on the left, dipping down to the right.

Abmc
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B W N

The desired pattern continues to develop here. Item A6mc would still be con-
sidered to be easy, but it is a better discriminator: the left-end dip for the correct
answer is more pronounced, the distractors are appealing to a higher proportion
of people in the lowest groups, but the top students are able to rule out each of
them (the distractors). We could say that the distractors “zero-out” as their trace
lines completely dip to touch the x-axis on the right.
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Item Al17mc’s pattern® is strong on the left, where the trace of the correct re-
sponse falls more than that seen in item A6émc. This is a good pattern, but it’s
not quite as strong on the right as is Abmc. Al7mc’s distractors dip down at the
right end, as we want — however, they don't dip to zero; one or two of the dis-
tractors still appear plausible to a small proportion of students in the best group.

Al8mc
1.00 1.00

0.30 0.30
0.60 0.60
0.40 —/ | 0.40
0.20 ”4\ — | 0.20
0.00 W‘A | 0.00

lower 4th 3rd 2nd upper
Key= 5, Diff.= .55, Disc.= .30

Item A18mc shows a big left-end dip for the right answer, but the distractors
don’t fall off as much as we’d like. Still, this would be considered to be a good
item if we use the classical item quality measures found in the literature: a
difficulty in the range 0.40 to 0.60, and a discrimination of at least 0.30 (see
Chapter 7 of the Lertap manual, Nelson (2000), for more discussion).

3 This and the following plots were created by an earlier version of Lertap.
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The steady rise shown by A28mc’s right answer looks good, but this item’s
distractors do not fall off sharply; about a quarter of the students in the upper
group, approximately 25%, have been attracted to what are supposed to be
distractors, options intended to seem plausible only to the less proficient
students.
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Item A46mc shows a poor pattern. The right answer (pink line) rises from left to
right to be the highest point for the upper group, but the rise is very slow, hardly
compelling. Just over 60% of the students in the upper group were distracted by
one of the incorrect answers, and the distractors do not fall off as we move from
left to right. In fact, one of the distractors actually climbs a wee bit.

Let’s end these sample shots with a nicely-functioning item from another test,
one with four-option items, with {A,B,C,D} used as response codes:
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Q51 exhibits a near ideal pattern for a discriminating question. The trace for the
correct answer (light blue line) rises sharply. The distractors all taper off steadi-
ly. Although they don’t quite zero out, two of the three distractors fall off in an
almost linear manner, coming close to being straight lines. The students in the
lower group seem to have been at a complete loss on Q51 - each of the three
distractors was selected by more than 20% of this group.

So then, let’s see. We've looked at how many plots? Eight. What do you think?
Is it easier to assess item quality by using graphs, or by using tables with num-
bers? The plots are kind of catching, are they not?

The Statsb and Statsf reports

The quintile plots are based on Lertap’s Statsul report, as mentioned above.
Lertap produces two other reports for cognitive items, Statsb and Statsf. The
letters at the end of the report names mean “upper-lower”, “brief”, and “full”,
respectively.

Something which the quintiles may be somewhat poor at is pointing to distractors
which have completely failed in their task, that is, distractors which have not ap-
peared as plausible to anyone. Have a look at the following plot:
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The item plotted above, Q41, had three distractors. One of them was not
selected at all. Its line lies flat along the x-axis, and is very hard to detect.

Such distractors are unwanted. In a test meant to discriminate among students,
picking out the strongest from the weakest, items with non-functioning distrac-
tors need fixing. A “dead” distractor, one obviously incorrect even to weak stu-
dents, increases the chances that the less knowledgeable students may get an
item correct without knowing the underlying concept or fact.

Lertap’s Statsb report is made to help detect poorly-functioning distractors.
Here’s a sample from a Statsb report:

Lertapt brief item stats for "Form A MC", created: 16/05/2006,
Fes = 1 s 3 4 5 other| diff, disc. 7

Al3mc 14% 8% | 11% | 11% |[_55% | 2% | 0.55 0.30 2

AZIlmc | 26% |_56% 3% 2% 8% | 1% | 0.56 0.26

AZZ2mc | _55% 8% 6% | 24% 6% | 2% | 0.55 0.39

AZ3Imc 19% | 11% 8% | 16% | 44% [ 2% | 0.44 0.46

AZd4mc 12% | _50% 3% 9% | 179 | 5% | 0.50 0.43

AZBmMC 16% 49 | 15% | _49% [ 11% | 5% | 0.49 02791 1

The last column of the Statsb report, the one with the ? mark heading, will point
out distractors which have not been seen as plausible by any of the test takers,
and/or have appeared as plausible to strong students.

In this example, item A18mc has distractor 2 noted in the ? column. Looking to
the left in the same row, we see that 8% of the students selected this distractor,
so it's not really a “dead” distractor (one not selected by anyone). What has
happened in this case is that the students who selected option 2 were above-
average students.
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If you look above item A18mc’s quintile plot is displayed (page 8). You can see
distractor 2 sticking up on the right, attracting about 18% of the students in the
strongest group. As we trace this distractor’s performance across the graph,
from left to right, we see that it was most popular with the highest group.

This is a curious result. It has served to bring down the item’s discrimination
index, “Disc”. Item A18mc could very well be a better item if we could find out
what it was that prompted almost one in five of the strongest students to select
this distractor, something we might do by talking to the students taking the test.

Lertap has another report with item statistics; here’s a snippet:

Lertaps full item stats for "Form A MC", created: 16/05/2006.
Al8Bmc
option w n p pbir bir avg. z
1 0.00 39 0.14 -0.34 -0.53 15.51 -0.86
z 0.00 22 n.o0a 0.05 0.10 23,32 0.19
3 0.00 a1 n.11 -0.03 -0.05 21,32 -0.08
4 0.00 33 n.11 -0.1a -0.26 18.61 -0.44
5 1.00 157 0.55 0.30 0.37 24,34 0.3z
other 0.00 a] n.oz -0.11 -0.32 16,17 -0,77

The table above is from a Statsf report. Not everyone likes to look at this report
as it involves so many statistics; a fair proportion of Lertap users often cannot
recall what pb(r) and b(r) are, even though they fondly re-read their favourite
chapters in the Lertap manual several times a week.

Not to worry; the matter worthy of note is the “avg.” value of 23.32 for the 22
students who selected option 2. This is their average test score, and it’s high,
almost as high as the average of 24.34 for the 157 students who selected the
right answer (option 5).

For this test, the overall average score, for all 288 students, was 21.92, a value
found in the Scores report:

Lertaps Scores worksh

Record Wo. | FA-MC
N 238
M 5.oo
Median 21.50
MMean 21.92
Max 40.00
s.d. 748
war, £E.90
Fange 25.00
[QRange 11.00
Skewness 014
Kurtosis -0.61
MinPos 0,00
Ma=PFos 50,00
b [} Scores § Staksif £ St

As a z-score, the average of 23.32 for the 22 students selecting item A18mc’s
option 2 was (23.32 - 21.92)/7.48, or 0.19. This, a z-score quite above zero for
a distractor, is just another reflection of what we can see in the item’s quintile
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plot: some of the strongest students thought this was the correct answer to the
item. This is an unwanted outcome; when it happens we usually suspect there
may be some ambiguity in the item - something that ought to be fixed.

Recapping

To review, we started this discussion by looking at a Statsul report, and the
quintile plots which graphically portray the information contained in the report.

Quintile plots are undoubtedly neat. With some practice they can be used to
quickly get an idea of how test items are functioning. However, they're not
perfect - if a distractor is “"dead”, not distracting anyone, its plot line will lie flat
along the x-axis, and may be very difficult to detect.

The Statsb report provides a more concise indication of how distractors have
functioned. A scan down the last Statsb column will immediately reveal items
whose distractors may require some attention.

There’s much more about how to use and interpret the Statsul, Statsb, and Statsf
reports in the manual (Nelson, 2000). (Web version is here.)

How to get quintile plots

For those readers who have not used quintile plots before, it will be a good idea
to mention the steps required to make them.

Once data have been prepared, and CCs control lines made, a click on Lertap’s
Run menu’s “Interpret CCs lines” option, followed by a click on the Run menu’s
“Elmillon item analysis”, will result in the Statsf, Statsb, and Statsul reports.

To get quintile plots, open the Statsul report by clicking on its tab, as pictured
below:

Mew = Run = ‘E,I, Shorts = Macs = |_ |_|1|_ Move+ - \J License = Lelg
LertapS U-L stats for "Form A MC", created: 15/05/2008
Res = 1 P 3 4 5
Almc upper| 0.04 0.02 0.0a0 0.93 0.02
?nd| 0.05 0.02 0.0o0 0.93 0.o0
3rd| 0.03 0.0z 0.0a 0.95 0.o00
4th| 0,05 0.o2 0.09 0.22 0.o2
lower| 0.02 0.07 0.04 0.82 0.0k
Ad4mc upper| 000 | 0.85( 0.00 0.04 0.02
?nd| 002 | 0.8B4| 0.05 0.07 0.02
3rd| 002)| 0.83 | 0.02 0.08 0.0%
4th| 000 | 0.77 | 0.05 0.11 0.07
lower| 0.02 0.67 0.09 0.02 0.19
Admc upper| 0.04 0.04 0.0z | 086 | 0,02
?nd| 0.00 0.16 005 070 0.02
3rd| 0.05 0.17 0.07 | 062 | 0.05
4 4 » M|/ Statsib 3 Statsiul  Statser 2 |4 |
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Next, go up to the Lertap toolbar®, and click on the icon to the left of the Move+
menu (note: the toolbar shown here was used with older versions of Excel).

)‘: 2 Mew - \,g ﬂ Bun - "".l, Shorts = Macs = |L£ﬂ |_ Move+ * '!) License * Lelp = B

If your computer is using Excel 2007 (or later), click on the Res. Charts icon:

-

— Lertap Home Insert Page Layout Formulas [Data Review

X Delete EI Sort :_I Elank ‘é} Interpret ni‘] Histograms = 4 Move+ ~
= Version Line tg+ Headers "EB" Elmillon J Scatterplot 4r License =
U= Spread | 4 Excel - |‘ % More ~ | bl Res. charts

Easic options Run menu | Graphics

MNew menu

You should find Lertap making the quintiles.
Quintile plot options

There are a few options which pertain to how and when Lertap makes its quintile
plots. For example, you don’t have to have five score groups: you may have as
few as two. You can have Lertap output non-standard quintiles instead of stand-
ard ones. Having a table appended to each plot is another option. Read all about
the options in “Lelp”, Lertap help.

Quintile plots and item statistics

Have you been looking at the Diff. and Disc. values which appear below the x-
axis in Lertap’s quintile plots? These statistics have intentionally been excluded
from the discussion above - we've wanted to stand back and look at the gestalt,
at the whole picture, without having to get down to the nitty-gritty of statistics.

But there are some interesting observations to make.

“Diff.” is item difficulty; it’s the proportion of people who correctly answered an
item. The higher item Diff. is, the higher the proportion of people getting the
item right, the easier the item. (Diff. is actually a great misnomer; the untrained
would expect high Diff. to mean high difficulty, but the opposite is true.)

Study the graphs again, looking at the pattern reflected by the trace lines, and at
“Diff.”. Higher Diff. values (easy items) might seem to be associated with two
characteristics of the plots: a relatively flat trace for the correct answer, with no
sharp left-end dip.

Is this not the general case?

6 The “toolbar” refers to quite early versions of Excel, before Excel 2007.
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No, it's not. Look at item A46mc. The correct answer’s trace starts at 0.20,
rising to just under 0.40 at the right. Not much of a rise, a fairly flat trace.
There’s no left-end dip to speak of. But this is a low-Diff. item (hard).

There’s a third characteristic of high-Diff. items: their correct-answer trace starts
high, and continues so across the plot. This being the situation, let’s say this: an
item will have high Diff. (be easy) if the trace line for the correct answer is high
on the left, and stays high, maybe even rising a bit as we move to the right.

Such a line will not have much slope. Slope? The slope of a line is an index of
how unflat it is, to put it in unglorious terms. A flat line has no slope. A line with
a slope of 1 (one) will rise at about a 45-degree angle from left to right.

A high-Diff. item, an easy item, is one whose correct-answer trace starts high on
the left, and is fairly flat, having little slope.

With regard to the item discrimination index displayed at the bottom of the plots,
“Disc.”, what pattern is seen in the plots?

The greater the slope for the correct option’s trace line, the greater Disc.

Is this right? Let's see. Let’s approximate the slope of the correct answer’s trace
by subtracting the proportion for the lower group from the proportion for the

upper group.

Here’s a little list, including respective Disc. values.

For Almc we’d have 0.96 - 0.81, or 0.15. Disc. = 0.15.
For Ad6mc we’d have 0.38 - 0.20, or 0.18. Disc. = 0.11.
For Admc we’d have 0.98 - 0.67, or 0.31. Disc. = 0.21.
For A28mc we’d have 0.73 - 0.40, or 0.33. Disc. = 0.19.
For Al8mc we’d have 0.78 - 0.27, or 0.51. Disc. = 0.30.
For A6bmc we’d have 1.00 - 0.41, or 0.59. Disc. = 0.43.
For Al7mc we’d have 0.97 - 0.30, or 0.67. Disc. = 0.45.
For 051 we’d have 0.89 - 0.19, or 0.70. Disc. = 0.45.

Is there not a pattern? As the approximation of slope increases, the Disc. values
tend to increase.

A scatterplot of the approximate slope index by Disc. value for the first thirty
multiple-choice items in the aptitude test is shown below?; the line superimposed
on the plot is a “regression line”, a “trend line”, which lets us see the general drift
of the relationship between Disc. and approximate slope:

7 Only the first 30 items were studied as this was a “speeded test”; there was insufficient
time for many of the students to work beyond the 30th item.
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There is a relationship, at least for the selected items: higher Disc. values are
associated with higher slope estimates.

The greater the slope for the correct answer’s trace line, that is, the higher the
Disc. value, the better the item is discriminating.

This is only to be expected. The Disc. statistic seen in Lertap is a point-biserial
correlation coefficient formed by correlating student test scores with a select /
not-select index for the correct answer. If a student selected the correct answer,
we could give him/her a select / not-select “score” of 1 (one); if s/he did not
select the correct answer, we could give a select / not-select score of 0 (zero).
We'd then correlate the select / not-select scores with test scores.

Higher correlations will result when those selecting the correct answer have the
highest test scores. In terms of a standard Lertap quintile plot, those with
highest test scores are in the “upper” group (Grpl). The number in this group
with a 1 on the select / not-select index can be found by multiplying group n by
group proportion; call this n(high). At the other end, the left end of the plot, we
have the students with the lowest test scores. The number in this group with a 1
on the select / not-select index is again group n times group proportion; call this
n(low). If n(low) equals n(high), the trace for the correct option is going to have
little if any slope, and the correlation between the select / not-select index and
test score is going to be low.

So, what might be concluded? Items having a correct-answer trace which has a
sharp dip at the left end, and rises steadily to approach the top of the plot at the
right, will have a high discrimination index.

Visually yours?

In conclusion, Lertap provides test developers and users with two fundamental
methods for item analysis: a series of Stats reports with item statistics presented
in different ways (Statsul, Statsb, Statsf), and a series of pictures, the quintile
plots.
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Which of these methods is better? The reports, as a group, give more informa-
tion than the pictures do. The Statsf report, for example, has summary test
statistics not found in the pictures, such as reliability, and the standard error of
measurement estimate. The Statsb report has a single column devoted to high-
lighting weak distractors.

However, for assessing the performance of an individual item, the pictures have
much to say for themselves. They obviate the need to understand statistical
measures, such as "Diff.” and “Disc.”. They quickly and colourfully reveal how all
item options worked.

Is this visual approach to item analysis a serious research method? Yes. Without

a doubt. Is a quintile plot picture worth a thousand of Lertap’s retinue of Stats
reports? Hmmm ....

Addendum (recommended additional reading)

We can take the utility of this “visual approach” to another level by having Lertap
pack the plots. Here’s a snippet from this web page to pique your appetite:

19 110 I11

1.00 1.00 1.00
+ o.80 0.80 - o.s0

——2 ——r 1 — 1
+ 0.80 1+ 0.60 + o.s0

——3 ﬁ_,\'/‘ ——p v/\.\ { ——z |
.8 e - X — < | s
- T e = T o8 - [ esa
——0 = - 0.20 —— 7%*' 0.20 ———0D = a.20
»—omer e S == 000 | =*—omer Py | 000 | ——omer ——= =i

ower & 3ra 2na uoper lower am 3ra 2na upper lower am 3rg 2na upper

Key =A DNf = 46 Disc = .09 Key =C DIf= .38 Disc = .43 Key =D DN = 37 Disc = .39

113 114 115

—— !
> =

——g —— g
c Q.40 -
SIS 0.20 | wmp T 020 | eeemp T\“h‘\...___ + 0.20
omer r Q.00 aome A —————— .00 “—omer .-  0.00
lower 4th 3ra 2na  upper lower  4th 3ra 2na  upper lower  &th 3ra 2na  upper
Key =D Diff = .48 Disc = .53 Key =B DIff = .47 Disc = .33 Key =B DIiff = .34 Disc =.10

I9 and I15 are not discriminating well. 113 was a star performer.

Imagine, say, a 40-item test and consider how packed plots such as these might
readily be used to quickly draw attention to poorly performing items.
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