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Introduction

Word problems are mathematical tasks in which relevant in-
formation is presented as text rather than in mathematical
notion (Verschaffel et al., 2010). They require learners to inte-
grate domain-specific mathematical, domain-general linguis-
tic, and visuo-spatial abilities, varying with item characteris-
tics (Boonen et al., 2013; Reinhold et al., 2020). During solution,
these abilities are assumed to interact—they are typically not
applied sequentially, but in parallel (Daroczy et al., 2015).

Fig. 1. Complex word problems from the PISA mathematics assessment
with varying item characteristics.

This graph shows how the speed of a racing car varies along a flat 3 kilometre track The Gotemba walking trail up Mount Fuji is about 9 kilometres (km) long.

during its second lap.
Walkers need to return from the 18 km walk by 8 pm.

Speed Speed of a racing car along a 3 km track

km/h Toshi estimates that he can walk up the mountain at 1.5 kilometres per hour on
(km/h) (second lap)

average, and down at twice that speed. These speeds take into account meal breaks
and rest times.

Using Toshi’s estimated speeds, what is the latest time he can begin his walk so that
\/—_ he can return by 8 pm?

Mount Fuji

The two door openings (the dotted arcs in the diagram) are the | Possible air flow in
same size. If these openings are too wide the revolving wings

cannot provide a sealed space and air could then flow freely RESERRRES 5
Here are pictures of five tracks:

between the entrance and the exit, causing unwanted heat loss 5 .
or gain. This is shown in the diagram opposite.
shown earlier? What is the maximum ratio _of a door opening _to the entire
circumference of the revolving door, so that air never flows freely
- amount of processable text

Along which one of these tracks was the car driven to produce the speed graph
between the entrance and the exit?
|
S
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- amount of different solution heuristics

S: Starting point ° etC
Racing Car

Starting line Distance along the track (km)

Revolving Door

Varying item characteristics:
- necessity of calculations
- presence of illustrations
- closeness of answer format

We addressed the relative importance of different individ-
ual domain-general characteristics that may contribute to
word problem solving by including both the individual level
and the item level. We focused on Complex Word Problems
(CWPs) which combine multiple forms of representations, ir-
relevant information, notable amounts of text, and functional
real-world contexts (Strohmaier et al., 2021).

Method

We investigated the effects of verbal, numerical, spatial,
and general reasoning abilities on CWP-performance among
N = 1,282 first-year university engineering students.

CWP-solving ability was assessed with six items from the
pool of published PISA mathematics items. Spatial ability
was measured with the Mental Rotations Test; Verbal ability
with a verbal analogies scale; Numerical ability with a calcu-
lations scale; and General reasoning ability with a short form
of Raven’s Advanced Progressive Matrices.

Results & Discussion

The effect of domain-general abilities differed between the
items. The model-fit comparison showed that the model in-
cluding the cognitive skills x task interaction fitted the data
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Tab. 1. Characteristics and correlations of the cognitive skills scales.

Descriptive results Correlations

Cognitive skills « Range Min. Max. M SD 1. 2. 3
1. Verbal 65 0-20 0 19 1216 3.11 —

2. Arithmetic 82 0-20 0 20 15.39 3.65 22 -

3. Spatial 91 0-24 0 24 1192 6.07 29 22 -—
4. General reasoning 67 0-12 0 12 8.35 2.42 28 .30 .30

significantly better than the model including only main effects,
X? = 48.54, AAIC = 8.54, p < .001.

Fig. 2. Odds ratios and their 95 % confidence intervals of cognitive skills
(+ 1SD) on the solution probability of six different complex word problems,
in descending order of task difficulty.
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The influence of numerical ability was strongest for items re-
quiring a numerical answer based on calculations. For spatial
ability, all items that contained illustrations showed a simi-
lar influence of spatial ability. Yet, in our data there was no
difference between items that addressed the content area of
geometrical shapes—and items that used pictures only to illus-
trate mathematical problems. General reasoning ability has
shown beneficial in items that allowed for generic problem-
solving heuristics not necessarily related to mathematics. Ver-
bal ability was the only predictor that influenced the solution
rate of all items significantly, underlining the close associ-
ation between language and mathematics that emerges in
CWP-solving (Daroczy et al., 2015; Reinhold et al., 2020).

Our results underpin that CWP-solving requires a broad facet
of domain-general cognitive abilities besides mere domain-
specific mathematical competencies—and that their influence
differs notably between items (Strohmaier et al., 2021).
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