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Abstract

This paper describes the changes made to the administration of assessments in the second design trial of the
Maths Intensive course at a comprehensive university in South Africa because of Covid-19. The course was
designed in direct response to poor attainment in the Primary Teacher Education project’s mathematics test.
Building on positive findings of improved attainment evident in the first design cycle, the Maths Intensive
course was further refined for a second cohort of students, and shifts in attainment were once again analysed.
The Covid-19 lockdown meant that student could not write the post-test on campus. As a result, the post-test
data were not used to measure impact but, instead, were used to establish what the student teachers knew and
were able to do at the end of the course. The Maths Intensive test framework mapped the test items to the
learning outcomes for the course. Facility scores revealed areas where students were capable and areas where
they still required support. The assumption that students would use calculators in un-invigilated circumstances
was challenged, and requires further research. These findings may be of interest to lecturers and teachers
seeking to develop assessment reports that provide useable information to improve their instructional design and
teaching practice. They may also be of interest to academics and training providers designing mathematics
education programmes for initial teacher education or for ongoing professional development courses for
teachers in primary schools.
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Introduction

This paper is situated within the literature on assessment—particularly assessment purposes
and utility to improve teaching and learning. Moloi and Kanjee (2018) reported that a
challenge facing South African teachers is the inadequacy of meaningful reporting and
effective utilisation of evidence from assessment. They argued that meaningful reporting
includes finding effective ways of converting raw data into information that can inform
decision-making and explained:

At classroom level, “meaningful information” refers to information that the teacher
could use for determining what learners at a particular grade level know or do not
know, and can or cannot do, and to develop relevant interventions to address specific
learning needs of learners. (Moloi & Kanjee, 2018, p. 2)

We contend that this observed challenge pertains to both teachers in schools and lecturers
engaged in initial teacher education (ITE) in universities. In ITE programmes, the Primary
Teacher Education (PrimTEd) standardised assessments in mathematics and English have
been used by lecturers to inform current and future course design. One of the key elements of
the PrimTEd assessment work is reflection on meaningful reporting (Moloi et al., 2019).
Such reporting is intended to provide ITE lecturers and course designers with usable
information relating to a particular year group in the BEd mathematics courses. Such
information ought to describe what student teachers know and do not know, and can do or
cannot do, so that lecturers and course designers are able use this information to develop
relevant interventions that address specific learning needs of their students.

Poor attainment in mathematics for primary teaching was evident from the 2018 assessment
results that were obtained using a cross-sectional study of first- and fourth-year BEd students
using the PrimTEd mathematics assessment. These findings led to the design and
implementation of the Maths Intensive course with first-year students (Roberts et al., 2020).

The course was first implemented in 2019 with all first-year students in the BEd programmes
for Foundation Phase and Intermediate Phase at a comprehensive university in South Africa.
Students completed the pre-test before, and the post-test after, the implementation of the
Maths Intensive course (see Figure 1). This course (the first design) resulted in a positive
shift in attainment (of 14 percentage points) on the mean scores in the 17 matched items from
the pre-test to the post-test, with a large effect size (d = 0.82; Roberts, 2020).
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Figure 1
Maths Intensive research design over two cycles

1 month
2019 pre-test Maths intensive course post-test
n=213 (first design cycle)

1 week of intensive mathematics lecturers followed by
3 weeks of online support

5 months
2020 pre-test Maths intensive course post-test”
n=212 (second design cycle)

1 week of intensive mathematics lecturers followed by
online support and weekly lecturers x8

All tests were conducted online
* 2020 post-test was not written on campus and invigilated

Building on the promising results of the 2019 first design cycle intervention, the course was
repeated. A second design cycle was therefore undertaken in 2020. The intention was to
establish whether the second design cycle led to even greater shifts in attainment than were
seen in the first design cycle. A difference-in-differences design was planned. Using design-
based research approaches, this study set out to use assessment to further improve BEd
programme impact through analysing assessment data on student teacher attainment in the
online pre-test and an online post-test following the intervention in the second cycle of
implementation (in 2020). However, the Covid-19 pandemic impacted significantly on the
research design for the experiment. In 2019, both pre-test and post-test were administered
online under invigilated conditions in a university computer laboratory. The pre-test in 2020
was administered in the same way. However, given the pandemic restrictions, the
administration of the post-test in 2020 was changed. Because students had no access to
campus, it was not possible to administer the post-test under the same invigilated examination
conditions. Rather than abandon the assessment data entirely, the 2020 post-test was
administered by allowing student teachers to write the online assessment remotely, without
any supervision. This denoted a significant change in the administration conditions of the
2020 post-test compared to the 2019 pre- and post-test and 2020 pre-test. The 2020 post-test
was administered under different conditions and consequently no longer provided a direct
comparison that could be used to measure impact of the second design cycle for the Maths
Intensive course.

This paper reports on the changes to the Maths Intensive post-test that were necessary

because of the Covid-19 pandemic. It exemplifies a change in utility of assessment data—
from measuring impact to informing course design. The design pivots away from using the
2020 post-test to measure the impact of the second intervention cycle compared to the first
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intervention cycle, towards using the assessment data to provide meaningful feedback to
lecturers and course designers. We set out to establish what the student teachers knew and
were able to do at the end of the second design cycle. This analysis first takes into account
their knowledge and skills when they entered the BEd programme in first year, as evident
from the invigilated pre-test administered at the outset of their course in 2020. Then
separately, it considers their knowledge and skills as evident at the end of the course—and
evident in their responses to the post-test, which they responded to in an un-invigilated
setting, after the course. Thus, the paper contributes to this special issue’s themes of “how
mathematics assessment has been applied in a particular initial teacher education
programme” and “the impact of the Covid-19 pandemic on these assessment practices.”

Methods

The overall design of the Maths Intensive research draws on design-based research that aims
to “improve educational practices through iterative analysis, design, development, and
implementation, based on collaboration among researchers and practitioners in real-world
settings, and leading to contextually-sensitive design principles and theories” (Wang &
Haffanin, 2005, p. 2). The first and second design cycles of Maths Intensive had the same
learning goals. First-year student teachers in the BEd programmes were expected to:

e Think deeply about how numbers work, which is necessary for the underlying
patterns and structures which they will introduce to children.

e Interpret and use flexible strategies to add and subtract whole numbers, which they
needed to both explain and listen to children’s ideas.

e Interpret and use flexible strategies to multiply and divide whole numbers, which they
needed to explain and listen to children’s ideas (Roberts et al., 2020).

From the course design side, each learning outcome was discussed in some detail in Roberts
(2020), for example:

Learning Goal One, “how numbers work™ focused on the meaning of the equal sign,
counting on a back in 1s, 10s and 100s, and base-10 place value, all four operations

using multiples of 10s and 100s, and rounding off. The focal representations were a

balance scale, the number line, hundred square and Gattegno chart. (p. 132)

From the assessment design side, the constructs assessed for each learning outcome in the
tests are described in some detail in this paper.

Research questions

Taking the design experiment as a whole, there are several themes of interest: (1) the change
of assessment design, (2) the shifts in learner outcomes, and (3) the course content itself (and
its adaptations from one cycle to the next). In this paper, we focus on assessment—
considering how we applied assessment in the Maths Intensive course and the impact of the
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Covid-19 pandemic on these assessment practices. We posed the following research
questions:

e “How did the students in the second design cycle compare to the students in the first
design cycle in relation to their attainment in the pre-test?” This provided insight into
the knowledge and skills that student teachers possess when entering the BEd evident
from the 2019 pre-test and 2020 pre-test.

e “In 2020, how was the administration of the post-test assessment in Maths Intensive
adjusted because of the Covid-19 pandemic?”” We reflect here on the changes we
made.

e “What does the 2020 post-test (which was not invigilated) reveal about what students
in the second design cycle know and can do in relation to how numbers work and
interpreting and using flexible strategies for the four mathematical operations with
whole numbers?”’

Data collection

Data collected to answer these research questions were drawn from the pre-test and post-test
scores obtained in 2019 and 2020.

Ethics

The PrimTEd assessment work stream followed a voluntary, informed consent process for
educational research with the University of Johannesburg’s protocol number, 2017-072.
Student teachers were invited to opt in for their data to be used anonymously for this
research, with no consequences if they chose to opt out.

The assessment instruments

As for the first design cycle, the pre-test for this course was the PrimTEd mathematics
assessment (comprising 50 marks), the design of which is discussed by Venkat et al. (2017),
Fonseca et al. (2018), and Bowie et al. (2019). The PrimTEd mathematics assessment is
being used across South African universities to provide information on student teachers’
mathematics knowledge for teaching in primary school.

The pre-test was an online test consisting of 50 items, and students had 90 minutes to
complete the test. The test items were spread across two cognitive demand levels: lower and
higher cognitive demand levels as well as a pedagogical category. Fonseca et al. (2018)
explained that the PrimTEd mathematics assessment items were also classified as either
lower or higher cognitive demand as stipulated by the Stein et al. (1996) framework on tasks:

While “lower cognitive demand” items were considered to be routine procedures, the
“higher cognitive demand” items involved moves between representations, required
insight, connected across topic areas, and/or had no obvious procedure or starting
point. (Fonseca et al., 2018, p. 6)



98  Journal of Education, No. 87, 2022

The mathematics content domains and their weighting across the test were as illustrated in
Table 1.

&Zl;zfgiltling of content domains in full PrimTEd mathematics assessment (50 items)
Content domains Weighting
Whole numbers and operations 24%
Patterns functions and algebra 16%
Rational numbers and operations 38%
Geometry 8%
Measurement 14%

Source: Fonseca et al., 2018, p. 6

It is important to note that one quarter of the PrimTEd mathematics assessment focuses on
whole numbers and operations, and a further 16% concerned patterns, functions, and algebra.
These two content domains were the focus of the Maths Intensive course. Regarding whole
numbers and operations, Bowie et al. (2019) offered the following examples in the PrimTEd
mathematics assessment:

Examples of lower-cognitive-demand whole number items
(A) 700 — 292 =

(B) Identify the approximate position of 706 on a number line marked from
700 to 800 in divisions of 10.

Examples of higher-cognitive-demand whole number items are
(A) Fill in the number to make the number sentence true 623 — 298 = 622 — . ..

(B) Container A weighs 23 kg more than container B. Container A weighs 87
kg. How much does container B weigh? (Bowie et al., 2019, p. 292)

To exemplify the patterns, functions, and algebra items in the PrimTEd mathematics
assessment, Bowie et al. (2019, p. 294) offered the following examples:

Example of lower-cognitive-demand patterns, functions, and algebra items.

A is a number and B is a rule (an operation and number) in the diagram below. What
is A?
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1 | .5
5 g X3 > B » 17
A " > 26

Example of higher-cognitive-demand patterns, functions and algebra items.
Given that 3n> + 6 = 10 what will the value of 3n” + 8 be?

The post-test assessment for the Maths Intensive course in 2020 was identical to that used as
the post-test in the first design cycle in 2019. There were also 50 items, and it was designed
for online administration. Compared to the pre-test, the post-test content domains were more
limited, and the weighting of items was matched against the learning outcomes for the Maths
Intensive course (see Table 2).

Table 2
Weighting of learning outcomes for the post-test (50 items, focused on whole numbers and operations and patterns, functions
and algebra)

Learning outcomes Weighting
How numbers work 34%
Adding and subtracting 32%
Multiplying and dividing 34%

The pre-test and the post-test had 17 items which were matched or anchor items. The 17
matched items “was a sub-set of the content covered in the PrimTEd assessment” (Roberts,
2020, p. 130).

Data analysis

In the pre- and post-tests, all the items were single answer or multiple choice, and each item
was recorded as correct, incorrect, or no response. The items were coded in relation to the
content area. Item level data were summed to provide a score out of 50, which was converted
to a percentage.

To answer the first research question—"“How did the students in the second design cycle
compare to the students in the first design cycle in relation to their attainment in the pre-
test?”—the mean and standard deviation of the pre-test were calculated.

The second research question—“How was the administration of the post-test assessments in
Maths Intensive adjusted as a result of the Covid-19 pandemic?”—was answered by
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describing the changes to the post-test administration in comparison to how the post-test was
administered in the first design cycle. Given that both authors were involved in arranging the
test in both cycles this was a description from memory by the first author, which was then
checked for accuracy and edited by the second author.

Answering the third research question—“What does the post-test data (that was not
invigilated) reveal about what students in the second design cycle know and can do in
relation to how numbers work and interpreting and using flexible strategies for the four
mathematical operations with whole numbers?”—trequired the most detailed analysis.

For the pre-test and the post-test, we calculated the mean and standard deviation using the
total composite score. We calculated the differences from pre-test to post-test in each design
cycle. This was to provide an indicative comparison. Because the 2020 post-tests were not
administered under the same conditions, we did not use a t-test to establish the significance of
the difference in means for the second design cycle.

To extract meaningful information from the test data we turned to the facility scores, which
we calculated at item level. An item facility (IF) score provides the percentage of students
who obtained an item correct. It is measured on a scale of 0 to 1 where IF = 0 means no
students responded correctly, and IF = 1 means all students responded correctly. An IF of 0.4
means that 40% of students answered correctly. We calculated the facility scores for each
item for the post-test in each design cycle. By reflecting on each question and examining the
underlying construct, which we obtained from the assessment framework, as well as the
facility scores from each cycle, we could infer the knowledge and skills needs of the students.
To compare the difficulty levels of topic sections within a test we calculated the attainment
for each student on each section and then found the average marks (expressed as a
percentage) for each section.

Of particular interest were the differences (delta = [1st cycle facility score] subtract [2nd
cycle facility score]) in item facility scores from the first cycle to the second cycle (see Table
3). A negative delta means that more students in the first cycle got this item correct. A
positive delta means that more students in students in the second cycle got the item correct.
We used a colour coding scheme for the relative sizes of the delta.

Table 3
Colour coding scheme for delta ([average facility in second design cycle] minus [average facility in first design cycle])

Facility score on post-test subtract facility score on pre-test Delta
Upwards of 31% more students in the first cycle got this question correct -
21-30% more students in the first cycle got this question correct —0.30 to —0.21
11-20% more students in the first cycle got this question correct —0.11 to —0.20

0-10% more students in the first cycle got this question correct —0t0—0.10




Roberts & Maseko: From measuring impact to informing course design 101

Facility score on post-test subtract facility score on pre-test Delta
0-10% more students in the second cycle got this question correct 0t00.10
11-20% more students in the second cycle got this question correct 0.11 to 0.20
21-30% more students in the second cycle got this question correct 0.21 to 0.30
Upwards of 31% more students in the second cycle got this question correct -

Of interest was whether the students who wrote the post-test in the second cycle (where it
was not invigilated) made use of calculator. The students in the first cycle in 2019 could not
use a calculator when doing the post-test on campus under invigilated conditions. But in
2020, the students wrote the post-test remotely and we could not control whether they used a
calculator or not. We could identify questions that could be answered easily using a
calculator. An example of a question that can be answered more easily with a calculator is:

700 -292 =. ..
An example of a question where access to a calculator is not helpful is:

Identify the approximate position of 706 on a number line marked from 700 to 800 in
divisions of 10.

We assumed that students in the second design cycle would use calculators (which are easily
accessible on smart phones) and thus would find these questions easier than the students in
the first design cycle. To empirically check on our assumption that students would find these
questions easier (most likely due to the greater calculator use) in the second cycle, we
calculated the difference (delta) in facility scores for each design cycle. We expected a larger
delta, with a greater proportion of second cycle students answering correctly, for items where
calculator use would assist accuracy.

Findings
In this section, we answer each of the research questions in turn.

How did the students in the second design cycle compare to the students in the
first design cycle in relation to their attainment in the pre-test?

Table 4 provides the mean and standard deviations for each of the assessments administered
in the first and second design cycles.
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Table 4
Comparison of the pre-test attainment in the two design cycles

First design cycle: 2019 Second design cycle: 2020
(n=213) (n=212)
Mean (SD) Mean (SD)
Pre-test 45% (14%) 48% (13.8%)

The 2020 cohort of learners performed slightly better (M = 48%, SD = 13.8%) in the pre-test
than their peers in the 2019 cohort did (M = 45%, SD = 14.0%). The pre-tests results were
similar and both were administered under invigilation conditions in a computer laboratory
prior to the start of their BEd programme.

In 2020, how was the administration of the post-test assessment in Maths
Intensive adjusted because of the Covid-19 pandemic?

Both cohorts of students wrote the same post-test after the intervention. For the students in
the first design cycle, the post-test was administered under invigilated conditions one month
after the one-week Maths Intensive course. For the students in the second design cycle, the
post-test was administered during the Covid-19 pandemic. As a result, this test was not
invigilated but completed by the students remotely within a one-hour time period. It was also
conducted four months after the one-week intervention. This impacts on the analysis of
results because it is possible that students may have used a calculator (where this was not
allowed in the invigilated assessments). It was also possible that students communicated with
each other about the test items.

There were several aspects of the post-test administration that were designed to mitigate
against student collaboration. First, the order in which the questions appeared in the test was
randomised for each student. Second, for multiple-choice questions the order of the options
(A, B, C, and D) was randomised. This was intended to make collaboration on questions by
number more difficult. A testee could not confer with a fellow testee by referring to Question
X as having the answer of Option Y. Instead, to collaborate, they would have to refer to the
question stem and the actual options.

Third, the students were given a 24-hour period in which to complete the post-test. This was
done for two reasons. The students were given data by the university, but their data bundles
were cheaper outside office hours. Several students therefore opted to write the test between
18h00 and 06h00 to save on data costs. In addition, there was a risk of students experiencing
load shedding (and so not having access to electricity for their device and their internet
connection). The load-shedding timetables were known and impacted on different geographic
locations at different times. A student could plan to take the test in the 24-hour window at a
time when they had electricity.

Finally, the test was timed for a maximum of one hour. Once a student started the assessment,
they had to finish it within that hour. This was intended to discourage collaboration given that
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there was a limited time to respond. In cases where students lost power, the test interface
saved their work, and they could continue after the interruption and the clock counted down
from their last log in. This feature was not communicated to the students prior to the test. It
was intended to be invoked should a student suddenly lose access to electricity.

We also made some adjustments to the test design to accommodate the fact that students
working remotely may use either a computer or a mobile device. Previously—because the
students wrote the test in a university computer lab—we knew they were using a computer.
So we made sure that the test was designed to be interoperable between a computer screen
and mobile handset. The images used were scaled for visibility on a mobile screen. This
influenced the test layout because, in considering students who might be using mobile
handsets to access the test, horizontal layout was minimised. By way of example, instead of
presenting options in a table by displaying options in a row, a vertical column format was
used. This is because on a mobile device it not possible to scroll from left to right but only
from top to bottom.

What do the 2020 mathematics post-test (and pre-test) data reveal about what
students in the second design cycle know and can do?

Focusing on the pre-test result provides us with some information about the mathematics
knowledge and skills of the students as they enter the BEd programme. In particular, it shows
us whether the second cohort (2020) was similar to, or different from, the first cohort (2019).
Table 5 compares attainment in the pre-test and post-test for the two design cycles:

Table S
Comparison of pre-test and post-test attainment in the first and second design cycles
First design cycle: 2019 Second design cycle: 2020
(n=213) (n=212)
Mean Mean
(SD) (SD)
Pre-test 45% 48%
(14%) (13.8%)
Post-test 74% *80%
(6.8%) (5.3%)
Percentage point shift from pre- +29 +32
test to post-test

NOTE: *Denotes the assessment which was not invigilated. We therefore limit our analysis to descriptive

statistics.

For the post-test, the students in the second design cycle obtained a higher mean (by 6

percentage points), and lower standard deviation compared to their peers in the first design
cycle. We cannot infer that that the observed improvement was a result of the design changes
made to the Maths Intensive intervention. The observed changes may have been a result of
the change in assessment administration.



104  Journal of Education, No. 87, 2022

We therefore turn to analysing the assessment data to establish what the students know and
can do in relation to the learning outcomes. We consider the relative difficulty evident across
each topic within the post-test, and analyse the shift (delta) in facility scores for each item
from the pre-test to post-test period for the two cycles (Table 6).

gz:ﬁ;a‘iison of pre-test and post-test average attainment by section in the first and second design cycles
First design cycle | Second design cycle
Post test Items (2019) (2020) Delta (pp)
Additive relations 17 77% 76% 1
How numbers work 16 76% 84% 8
Multiplicative reasoning 17 70% 82% 12

Regarding Additive relations, there was very little change (1 percentage point) in the
proportion of students who got questions correct for this topic. There were greater
improvements evident for the second design cycle; when considering How numbers work, the
average attainment improved by 8 percentage points and for Multiplicative reasoning, there
was an improvement in average attainment of 12 percentage points. If one assumes that the
change in administration of the test (which was not invigilated for the 2020 cohort) was
uniform across the three topic areas, one may infer that there was better learning in relation to
multiplicative reasoning and how number works in the second intervention cycle. However,
this claim is made cautiously, given the confounding effect of the change in administration
(which may not have been uniform across the test).

We turn now to considering the item facility in relation to particular learning outcomes within
each topic. This level of analysis provides information about how each cohort of students
responded to the questions in the test at item level. It can be used to make claims about what
the 2020 students know and are able to do (when they are not under invigilated conditions).

We first consider the item facility for additive relations (AR). The average attainment for this
section was 76%. In the first design cycle the average attainment was 77%. So there was very
little change from the attainment of the first design cycle. There were several assessment
criteria of relevance to this topic:

e AR 1: Addition facts:
a. Add or subtract 10 and 100 from any number
b. Near doubles
c. Multiples of 10
d. Add or subtract 9.
e AR 2: Addition and subtraction are related.
¢ AR 3: Addition and subtraction strategies:
e. Reston the 10s
f. Count up to reach a target and rest on 10s
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Table 7

g. Break up the second number in expanded notation

h. Break up the second number using the medium and small number sequence

i.  Compensation.

AR 4: Two models for subtraction (take-away and difference).

AR 5: Identify the calculation required for a word problem.

Item facility for Additive relations

2019 2020
Item | Learning outcome Item Item
facility facility Delta
1 AR 3: Calculate/compensate 0.91 0.98 0.07
34%* AR 3: Adding and subtracting strategies; Own strategy 3 digits 0.83 0.97 0.14
AR 4: Two models for subtraction (take-away and difference);
22 . . .
Take-away situation, difference calculation 0.89 0.95 0.06
18 AR 2: Adding and subtracting are related 0.91 0.92 0.01
20 AR 3: Adding and subtracting strategies; Rest on the 10s 0.89 0.92 0.03
25 AR 2: Adding and subtracting are related 0.88 0.92 0.04
31 AR 5: Identify the calculation required for a word problem 0.90 0.92 0.02
33 AR 1: Addition facts; Add or subtract 10 and 100 0.84 0.91 0.07
26* | AR 1: Addition facts; Near doubles 0.96 0.82 —0.14
19 AR 1: Addition facts; Multiples of 10, estimate on a number line 0.65 0.80 0.15
71 AR 4: Two models for subtraction (take-away and difference);
Compare situation 0.68 0.74 0.06
29 AR 3: Adding and subtracting strategies; Break up the second
number in expanded notation 0.78 0.68 —0.10
2% AR 3: Adding and subtracting strategies; Own strategy 4 digits 0.51 0.57 0.06
27* AR 1: Addition facts; Add/subtract 9 0.90 0.57
23 AR 3: Adding and subtracting strategies; Count up to reach a
target and rest on 10s 0.68 0.56 —0.12
24 AR 1: Addition facts/patterns 0.40 037 ~0.03
32 AR 3: Adding and subtracting strategies; Rest on the 10s 0.48 0.31 —0.17

*Denotes an item involving a bare calculation (where use of a calculator would be an advantage). These are
discussed below, considering all such items across the different sections of the test.

Table 7 reveals that the majority of students in both intervention cycles (item facility of more
than 0.9) were are able to:
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e Apply the two models of subtraction—take away and difference—(AR 4).

e Know that adding and subtracting are related, and write equivalent number sentences
for the same additive relation (AR 2).

e Use the “rest on the 10s” strategy (AR 3).

e Calculate by compensation (AR 3).

However, in the second intervention cycle calculating by compensating was not yet mastered
for 43% of the students who could not correctly subtract 9 (AR 1). Subtracting 9 can be done
using compensation given that one can subtract 10 and then add 1. So, although they could
ensure that both sides of an equal sign were equivalent (by compensating) they could not yet
apply this skill to subtracting 9. This is despite the vast majority of them being able to add or
subtract 10 which is a pre-requisite skill for subtracting 9 by compensating.

Considering the addition facts (AR 1) in the second design cycle, most students (> 80%) were
developing accuracy with adding or subtracting 10 or 100 from any number (such as 43 + 10
=...), near doubles (such as 16 + 17 =. . . ). These were question types where it would have
been possible for the students in the second design cycle to use a calculator (and so we cannot
infer that this is an improvement in mental arithmetic). That 80% of students in the second
design cycle could estimate multiples of 10 on a number line is an encouraging finding. This
estimation could not be done using a calculator.

Focusing on addition and subtraction strategies (AR 3), the students in the second design
cycle were better able to use their own strategy for 3-digit numbers than for 4-digit numbers.
This was consistent with the student responses from the first intervention cycle. There were
greater proportions of students who could “break up the second number using expanded
notation” than there were students able to “count up to, reach a target and rest on the 10s.”
Very few students (only 31% of the second cycle) were able to break up the second number
to bridge or rest on the 10s in simple subtraction situation. For example, they were not able to
select how to break up the second number (in this case 5) to rest on the 10 in a calculation
such as 13 —5=.... The expected response was “subtract 5 is broken up into subtract 3 then
subtract 2” because 13 —5=13 —3 -2 =10 — 2 = 8. This question was also difficult for the
students in the first design cycle, suggesting that greater attention should be paid to this skill
in future intervention cycles.

We now consider what can be learnt from the student responses to the post-test items
pertaining to the topic of how numbers work (HNW). In this section, the average attainment
improved by eight percentage points, from 76% in 2019 to 84% in 2019. There were six
assessment criteria:

e HNW 1: Equals means “is the same as.”

e HNW 2: Count on or back from any number in 1s, 10s, and 100s.
e HNW 3: Break up flexibly in 100s, 10s, and 1s.

e HNW 4: Add/subtract 10s and 100s.

e HNW 5: Multiply and divide by 10s and 100s.
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e HNW 6: Round off the nearest 10, 100, and 1,000.
Table 8
Item facility for How numbers work
2019 2020
Item | Learning Outcome Item Item
Facility | Facility Delta

4 HNW 3: Break up flexibly into 100s, 10s, and 1s 0.93 0.93 0.00
3 HNW 6: Round off to the nearest 100 0.89 0.92 0.03
8 HNW 5: Multiply and divide by 10 and 100 0.89 0.92 0.03
14 HNW 3: Break up into 100s, 10s and 1s 0.83 0.92 0.09
28 HNW 1: Equals means the same as 0.92 0.90 —0.02
12 HNW 7: Order of operations 0.78 0.89 0.11
37* | HNW 7: Order of operations 0.76 0.89 0.13
13 HWN 2: Count on or back from any number (small number

sequence) 0.73 0.88 0.15
16 HNW 2: Count on or back from any number (small, medium,

large number sequence) 0.71 0.88 0.17
6 HNW 4: Add on/subtract 1s and 10s 0.81 0.86 0.05
10 HNW 3: Break up flexibly into 100s, 10s and 1s 0.68 0.86 0.18
9 HNW 3: Place value; Break up into 100s, 10s and 1s 0.81 0.82 0.01
15 HNW 1: Equals means the same as (compensate) 0.70 0.76 0.06
5 HNW 3: Break up flexibly into 100s, 10s and 1s 0.67 0.75 0.08
17 HNW 4: Add on/subtract 10s and 100s (inverse operations) 0.64 0.66 0.02
11 HNW 6: Round off to the nearest 1,000 0.43 0.57 0.14

The relative difficulty of the items in this topic, noted in the second design cycle, largely
reflected the same pattern as for the first design cycle. This is evident in Table 8§ where all the
deltas are less than or equal to 0.17.

By the end of the Maths Intensive course, most students in the second design cycle (more

than 80%) demonstrated secure knowledge of place value (HNW 3), and were successfully

able to respond to items relating to place value and breaking up numbers into 100s, 10s, and
Is. It should be noted that this included ordering 4-digit numbers from smallest to biggest.
Students found it more difficult when working on flexible ways to break up numbers (such as
450 = 3 hundreds and 15 tens) although this was done better than in the first design cycle.
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Most students in the second cycle (more than 80%) were able to work on missing number
problems and apply the knowledge that equals means “is the same as” (HNW 1). They were
able to round off to the nearest 100 (HNW 6), and apply knowledge of the order of operations
(HNW 7). Their application of order of operations when working mentally is not known from
this test. Most students were also making use of the small, medium, and large number
sequences—counting on and back in 1s, 10s, and 100s from any number (HNW 2).

A sizable proportion of the students (> 30%) in the second design cycle were not able to work
with inverse operations for adding and subtracting 10 and 100 (HNW 4) and rounding off to
the nearest 1,000 (HNW 6), although they could round off to the nearest 100 (HNW 6).

The multiplicative reasoning (MR) topic saw the greatest improvement in attainment from the
first to the second design cycle (Table 9). The average attainment improved by 12 percentage
points, from 70% in 2019 to 82% in 2020. Multiplicative reasoning included attention to:

e MR I: Multiplication is a group of something that is repeated.

e MR 2: Times table facts and divisibility rules.

e MR 3: Multiplication and division are inverses.

e MR 4: Sharing and grouping problems.

e MR 5: Distributive property.

e MR 6: Representing multiplication and division (using area and using clue boards).

e MR 7: Calculating with medium and large numbers (area model and using clue
boards).

Table 9
Item facility for Multiplicative reasoning

2019 2020
Item | Learning outcome Item Item
facility | facility | Delta
38 MR 3: Multiplication and division are inverses (using
multiplication for division) 0.94 0.96 0.02
47 MR 6: Represent multiplication (using area with variables) 0.77 0.95 0.18
35 MR 1. Multiplication is a group of something that is repeated 0.92 0.94 0.02
42 MR 4: Sharing and grouping problems 0.62 0.91 0.29
40 MR 6: Representing division (using clue-boards) 0.87 0.91 0.04
30 MR 7: Calculate with medium and large numbers (using area
model) 0.16 0.89
44 MR 2: Times tables facts (divisibility rules) 0.60 0.89 0.29
45 MR 5: Distributive property—you can break up a number and
divide each part 0.86 0.86 0.00
49 MR 6: Represent multiplication (using area with numbers) 0.91 0.85 —0.06
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2019 2020
Item | Learning outcome Item Item
facility | facility | Delta

39 MR 6: Representing multiplication (using clue-boards) 0.89 0.85 —0.04
36 MR 5: Distributive property—you can break up a number and

multiply each part 0.87 0.84 —0.03
7 MR 2: Facts; Doubling and halving 0.75 0.82 0.07
43 MR 5: Distributive property—you can break up a number and

divide each part 0.46 0.78
41* | MR 7: Calculate with medium and large numbers; division 0.50 0.75 0.25
48* | MR 7: Calculate with medium and large numbers; multiplication 0.76 0.68 —0.08
46 MR 7: Calculate with medium and large numbers (using area

model) 0.65 0.63 —0.02
50* | MR 2: Times table facts (multiplying by 100) 0.31 0.38 0.07

It was in the Multiplicative Reasoning learning outcome where the most substantial change in
performance was evident when comparing the first to the second cycle. The majority of
students (more than 80%) could correctly respond to items pertaining to multiplicative
reasoning (MR 1-7).

A key concept in this section of work was using an area model for multiplication. This is a
representation used in primary schools as an alternative to the long multiplication algorithm,
which is known to be less error prone. It was new to the students in both design cycles. An
example of multiplication using medium and large numbers, and which makes use of the area
model is presented in Figure 2.

Most students who completed the second design cycle Maths Intensive course were able to
use and interpret this multiplication method (MR 6).

Of particular interest was the apparent improvement in attainment by the students in the
second cycle relating to division problems. This was evident in the substantial increases in
item facility scores for the following:

e Sharing and grouping problems which are word problems involving division (MR 4).
e Times table facts involving divisibility rules; (MR 2).

e Using the distributive property for division (MR 5).

e Dividing with medium and large numbers (MR 7).
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Figure 2
Area model for 87 x 34

87

34 2400 210 |30
320 28 4
80 7

Only one of these four items (dividing with medium and large numbers, MR 7) would be
easier when having access to a calculator, yet there were substantial increases (or more than
25% of students) in the proportions of students in the second design cycle who successfully
answered these items. This is a promising finding with regard to the instructional design for
the second design cycle. It requires further examination in relation to the changes made in
instructional design.

However, Table 9 also revealed that there are several areas where students in the second
design cycle were not yet proficient. They require further support and practice with
multiplying large numbers (using their own methods and the area model, MR 6) and working
with decimals (which was not given attention in the Maths Intensive course).

We now consider items where the students in the second design cycle may have been
advantaged by using a calculator.

Table 10
Item facility items involving bare calculations (where a calculator is an advantage)
2019 2020
Item | Learning outcome Item Item
facility | facility Delta
4% AR 3: Adding and subtracting strategies; Own strategy 3 digits
Calculate: 600 — 194 =. .. 0.83 0.97 0.14
374 HNW 7: Order of operations
Calculate: 3 +3x3 -3 0.89 0.76 0.13
50% MR 2: Times table facts (multiplying by 100)
Calculate: 53.08 times 100 0.38 0.31 0.07
% AR 3: Adding and subtracting strategies; Own strategy 4 digits
Calculate: 1,497 + 840 =. .. 0.51 0.57 0.06
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2019 2020
Item | Learning outcome Item Item
facility | facility Delta

MR 7: Calculate with medium and large numbers; Multiplication

48%*

Calculate: 41 x 7 0.68 0.76 +0.08
26+ AR 1: Addition facts; Near doubles

Calculate:28 +29 = . .. 0.96 0.82 —-0.14
41% MR 7: Calculate with medium and large numbers; Division

92 divided by 4 0.75 0.50 —0.25

27 AR 1: Addition facts; Add/subtract 9
Calculate: 72 -9 =. .. 0.90 0.57

Looking across the learning outcomes (Table 10) there were five bare items where more
students in the second cycle answered correctly compared to the first cycle:

e (I)AR3:600-194=...
e 3O)HNW7:3+3x3-3
e (4) MR 2:53.08 times 100
e (4AR3:1,497+840=...
e (5)MR7:41x7=...

These are the items that support the assumption that students in the second cycle used a
calculator when writing the test remotely. However, looking at the item facility scores for
MR 2 (53.08 times 100; IF =0.31) and AR 3 (1,497 + 840 =. .. ; IF = 0.57), the majority of
the students in 2020 were not able to answer these correctly. All of these bare calculation
items could have been done accurately with a calculator, simply by pressing the digits and
operation symbols in the order provided, on the calculator. It seems that whereas some
students in the second design cycle may have used a calculator, it was not the majority of
students. If they had all used a calculator, the item facility on the bare calculation items
would have been higher.

And there is further empirical evidence that students in the second design cycle seem unlikely
to have used calculators. There are a further three bare calculation items where the students in
the second design cycle obtained fewer correct answers, when compared to the first cycle:

e (I)AR1:28+29=...
e (2) MR 7:92 divided by 4
e 3)AR1:72-9=...

The students in the second design cycle were less successful than their first cycle peers. The
very low item facilities of 50% of students answering correctly for division calculation, and
57 % answering correctly for the subtraction problem, suggest that calculators were not
widely used.
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Conclusion

This paper describes how results from a mathematics assessment was applied to develop and
apply the Maths Intensive module in an initial teacher education programme, and how
adjustments had to made to the assessment practices as a result of the Covid-19 pandemic. In
particular, it demonstrates how, by mapping each assessment item to a learning outcome and
analysing shifts in attainment at item level, effective ways of converting raw data into
information that could inform decision-making were found—Ileading to meaningful reporting
(Moloi & Kanjee, 2018). This demonstrated a shift in the purpose of assessment from
measuring impact to informing course design and so ultimately, to improving learning and
teaching.

Responding to evidence of poor performance in the PrimTEd mathematics assessment, the
Maths Intensive course was trialled with first-year students in Bachelor of Education
programmes (Foundation Phase and Intermediate Phase) at a comprehensive university. For
the first design cycle, a pre-test/post-test design was used to establish the impact of the
intervention on learning. The results were promising. The second design cycle was
interrupted by Covid-19 and consequently, this design loop was not possible to complete in
terms of impact. However, the post-test assessment was used to investigate in some detail
what the post-test data revealed about what students knew and could do. Their relative
attainment in each topic area was calculated. Because the test was designed against the
articulated learning outcomes, it was also possible to reflect on relative attainment by
learning outcome.

It was clear that there were more substantial learning gains in the second intervention cycle in
relation to the topic focus on multiplication and division (compared to how numbers work
and additive relations). There was clear evidence of improvements in relation to use of the
area model for multiplication. Reasons for this should be investigated further by attending to
the changes in materials design and pedagogy that took place from the first to the second
design cycle. This use of the post-test data was useful in that is provided meaningful
information to guide detailed and targeted examination of the instructional design changes to
inform the future course design.

This paper also reported how the Covid-19 pandemic impacted on the administration of the
post-test. Because students were not allowed onto campus, this test was administered
remotely. The changes made to the online test design in relation to the sequencing of
questions, sequencing of multiple-choice options, and allowing a 24-hour period to respond
to the test were documented. Concerned that the shift in administration from invigilated (in
the first design cycle) to un-invigilated (in the second design cycle), we did not use the post-
test as a basis for comparing the impact of the second design cycle compared to the first.

We assumed that the second design cycle test would be found to be easier by students, given
its un-invigilated administration. We examined the bare calculation items that could have
been answered correctly simply by pressing the calculator keys in the order provided.
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However, there were clear examples where a calculator could have been used but the
majority of students still found three of the bare calculation items item difficult. This suggests
that the assumption of calculator use and collaboration in un-invigilated settings may not be
substantial, or that students—even when they could use a calculator—did not use it correctly.
Further research is required on this issue. Testing the assumptions made about student
behaviour (if they will cheat by collaborating or by using a calculator) will be important for
lecturers making choices about online and remote testing.

Using the item facility scores at item level, it was still possible to obtain meaningful
information about relative performance, weighing up attainment in particular topics, and
considering the learning outcomes for which there were the greatest and smallest shifts in
attainment. We have drawn on the assessment data from this analysis to further improve our
instructional design and our assessment design. We trust that others responsible for
developing mathematics knowledge for primary teaching in initial teacher education will find
the assessment exemplars and learning outcomes useful. Considering a broader interest in
assessment design and practices, this article provides an example of how assessment data has
been used to create meaningful reports, as well as how assessment practices had to adjust to
the Covid-19 pandemic.
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