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Tablets instead of paper-based tests for young children?
Comparability between paper and tablet versions of themathematical
Heidelberger Rechen Test 1-4
Martin Hassler Hallstedta and Ata Ghaderib

aDepartment of Psychology, Uppsala University, Uppsala, Sweden; bDepartment of Clinical Neuroscience, Karolinska
Institute, Stockholm, Sweden

ABSTRACT
Tablets can be used to facilitate systematic testing of academic skills. Yet, when
using validated paper tests on tablet, comparability between the mediums
must be established. Comparability between a tablet and a paper version of a
basic math skills test (HRT: Heidelberger Rechen Test 1–4) was investigated.
Five samples with second and third grade students participated. The associa-
tions between the tablet and paper version of HRT showed that these modes
of administration were comparable for three arithmetic scales, but unaccep-
table for a pictorial counting scale. Scores were lower on tablet. Test-retest
reliability for arithmetic scales on tablet was satisfactory, but was inferior for a
low-performing sample. The overall convergent validity was satisfactory. No
effect of test administrator was found. Arithmetic scales can potentially be
transferred to tablet with good comparability and maintained test-retest
reliability. Precautions are necessary when transferring pictorial scales into
tablet. Separate norms for tablet are needed when interpreting scores.

Introduction

Early identification of children with low mathematics performance

Math skills among 5–6 year olds are the strongest predictor for overall school performance up to
13–14 year of age (Duncan et al., 2007; Pagani, Fitzpatrick, Archambault, & Janosz, 2010; Romano,
Babchishin, Pagani, & Kohen, 2010). Children with low or incomplete grades from elementary
school are at elevated risk for developing serious psychosocial problems as young adults (e.g.,
Farrington, 2015; Flannery, Vazsonyi, Torquati, & Fridrich, 1994; Pitkanen, Kokko, Lyyra, &
Pulkkinen, 2008). Poor math skills are also a substantial cost to society (Gross, Hudson, & Price,
2009; Organisation for Economic Co-operation and Development, 2010). These findings highlight
the importance of early identification of young children with low math performance, which may be
done by assessing students’ math skills using validated tests that are easy to implement. Computer-
based testing have been suggested to have many advantages, such as ease of implementation,
compared to paper-and-pencil testing (Bauer et al., 2012). The main reasons for moving to online
testing are numerous, but the most prominent are: (a) saving valuable time for teachers since no
time is spent on grading tests; (b) the capacity to test many students quickly; (c) less money spent on
administration and scoring; (d) a shortened assessment time due to adaptive testing; (e) interpreta-
tive algorithms that can inform teachers on effective interventions; (f) opportunities to measure
performance on time sensitive tasks; (g) increased ease of assessment in different languages; (h)
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automated data for research purposes (Bauer et al., 2012). Testing young children with hand-held
tablets may be preferred to administration using a computer screen and mouse, as on-screen objects
have been found to be perceived with greater detail when it is near the hands, as it is with the tablet
(Abrams, Davoli, Du, Knapp, & Paull, 2008). Tablet testing could be especially favorable for younger
children, who have less advanced motor skills, because more fine motor skills are needed when using
a computer mouse than a touchscreen (Scaife & Bond, 1991).

The current study investigated whether a validated paper-based test can be administered on a
tablet and retain its psychometric properties. The overall aim was also to contribute to the existing
research literature on comparability of computer- and paper-administered assessment with specific
focus on tablet- and paper-administered tests.

Description of the heidelberger rechen test 1–4

The mathematical Heidelberger Rechen Test 1–4 (HRT) is a paper based test in German developed
for students from the end of first grade (6-year old children) to the beginning of fifth grade (Haffner,
Baro, Parzer, & Resch, 2005). HRT was chosen as instrument in this study for several reasons. It
measures basic arithmetic, which is a critical math skill (National Mathematics Advisory Panel,
2008), and visuospatial skills, which have shown to predict long-term math outcome (e.g., Li &
Geary, 2013, 2017). HRT has a theoretical foundation in the empirically based Triple-Code-Model
that demonstrates the importance of visouspatial functions in the aquisition of arithmetic skills
(Dehaene, Spelke, Pinel, Stanescu, & Tsivkin, 1999). Furthermore, HRT is language and curriculum
independent and therefore well suited for international comparative research. It has been used in
several studies, for example in an Austrian study by Huber and Kipman (2012), and by German and
Swiss researchers in Käser et al. (2013). Lastly, HRT has the capacity to differentiate between
students’ abilities across a wide range of performance spectrum (i.e., standard errors of HRT scores
remain small at the low and the high ends of the total score scale) (Haffner et al., 2005).

HRT can be used in both classroom and individual settings, and quarterly norms have been
provided for Germany. The test comprises 12 scales that are divided into two batteries and a separate
scale on visuomotoric speed. The Basic Arithmetics Battery has six scales: Addition, Subtraction,
Missing Term, Multiplication, Division, and Compare Smaller and Bigger Numbers. The
Visuospatial Battery is made up of five scales: Number Sequence, Length Estimate, Count Cubes,
Count Amount, and Connect Numbers. Psychometric properties of the HRT have been reported
(Haffner et al., 2005), and will be described in more details in the Methods.

Literature review

Investigations on the comparability of scores between paper-and-pencil and digital tests, as well as
standards concerning the importance of eliminating potential confounds (e.g., computer experience)
on digital tests, have been present for more than three decades (American Psychological Association,
1986; Kingston, 2009).

Research on comparability between paper-, computer- and tablet-based tests
A meta-analysis on 14 studies, including 44 independent experiments, on computer- and paper-
based K-12 mathematics tests did not find any significant mode effects (Shudong, Hong, Young,
Brooks, & Olson, 2007). However, a synthesis on the comparability of computer- and paper-based
assessments for the same population, including 31 studies on math tests, demonstrated a very small
significant effect (g = 0.06) in favor of paper-administered math tests (Kingston, 2009).

Studies investigating mode effects for tablet- and paper-based tests have compared these two modes of
administration when administering mental health questionnaires (e.g., Lee, 2009; Muelhausen et al., 2015),
and neurocognitive disorders and cognitive ability assessments (e.g., Clionsky&Clionsky, 2014; Schroeders
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&Wilhelm, 2010). The proposed studywill add to this literature by exploring tablet- and paper-basedmode
effects on mathematics assessments for elementary school children.

A study on mode effects between tablet- and desktop computer-based assessment for math,
reading and writing skills among eight graders found no significant effect on scores and response
time. Similar levels of internal consistency across modes was reported for the math test (Ling, 2016).

Despite limited research on comparability between tablets- and paper/computer-based tests, Cayton-
Hodges, Feng, and Pan (2015) suggest that various technical analyses and usability studies seemed to
support the assumption that tests designed for paper, or computer, can be made to work for tablets.

Given the limited comparative research on tablet- and paper/computer-based tests, attention
should be paid to the potential threats suggested when comparing various test formats: (1) differing
perceptual demands, (2) differing motor skill requirements, (3) differing modes of item presentation,
and (4) familiarity with electronic devices (Schroeder and Wilhelm, 2010). Investigators on mode
effects between tablet- and paper-based tests should keep these threats in mind. The International Test
Commission (2006) advocates that two different formats should show comparable reliabilites, and the
two formats should correlate at the expected level from the reliability estimates. Furthermore, the
American Educational Research Association, American Psychological Association, and National
Council on Measurement in Education (2014) suggests that direct evidence of interchangeability of
scores using different test materials, procedures, or administration formats should be provided.

How young students approach tablets compared to paper-and-pencil tests

In their review of instructional benefits of tablets, Dhir, Gahwaji, and Nyman (2013) concluded that
tablets motivate learning among students, and that most young children prefer learning that involves
playful interaction and feedback. It may be assumed that assessments on tablets that utilize such
features, eventually even gaming-like activities, would be approached more positively by young
children than paper-and-pencil tests.

Potential benefits and disadvantages of assessment with tablets over computers
As touched upon earlier, Abrams et al. (2008) demonstrated that spatial processing is enhanced near
the hands, and this result was further annotated in a study by Davoli and Brockmole (2012), which
showed that hands effectively shield attention from visual interference. These findings indicate that
testing with tablets may facilitate assessment over computerized tests where hands are further away
from the screen, especially in mathematics where visuospatial processing is considered to play an
important role (e.g., Decker & Roberts, 2015; Geary et al., 2009; Li & Geary, 2013, 2017). Although
the above mentioned study by Scaife and Bond (1991) also pointed to an advantage (i.e., less fine
motor skills requirement) of touchscreen compared to using a mouse, a study by Hertzum and
Hornbæk (2010) reported slower and more incorrect responses on a simple pointing task on tablet
compared to computers among participants ages 12 to 69 years.

Factors influencing the comparability between paper- and computer-based tests in K-12
Neither age (Kingston, 2009), nor ethnicity (Ewing, Wiley, & Gillie, 2003; Nichols & Kirkpatrick, 2005;
Sandene et al., 2005), or gender (MacCann, 2006; Sandene et al., 2005; Sim & Horton, 2005) seem to
have a significant impact on the performance on paper-, versus computer-based tests. Experience with
computers has demonstrated mixed findings on comparability between formats, although later studies
tend to find no influence of computer experience (Kingston, 2009). A study by Sandene et al. (2005) did
not find a significant relationship between achievement on math and parents’ education level in a
sample of more than 2000 students in fourth and eight grades. Meanwhile, a study by MacCann (2006)
found a very small significant effect in favor of paper-based math tests among 15–16 year olds with low
socioeconomic status. On an interesting side note, a meta-analysis found that speeded cognitive tests for
young adults and older, compared to untimed cognitive tests, were most greatly affected by mode (Mead
& Drasgow, 1993). A study in grades 4–12 found similar results for cognitive tests (Ito & Sykes, 2004).
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Study context

There is an increasing trend for choosing computerized tests instead of traditional paper-based tests
when assessing academic skills, as manifested by the largest online field test so far, including 4.2 million
students, that was initiated by the US Department of Education (2016). Furthermore, the importance of
establishing sufficient math skills at early ages leads to a pronounced need for valid large-scale
measurement that identifies children at risk and effective interventions that target the most important
math skills. The present study is part of a Swedish research project (The Apps-project) aimed at both
identification and intervention of this kind among second-graders (8 years old) with low math
performance. This study concerns the measurement aspect, central in both identification and interven-
tion research, by investigating whether a selection of the HRT scales, chosen because they cover critical
arithmetic taught in first to third grade (National Mathematics Advisory Panel, 2008), can be adapted to
and administered on tablet (e.g., iPad) with retained psychometric qualities.

Four of the five samples included in the current study covered a broad spectrum of schools
regarding student achievement in mathematics, proportion of non-native students, parental educa-
tional levels, and diversity of ethnic background. The fifth sample, the intervention sample in the
Apps-project, presented with similar characterstics except on mathematical achievement where they
showed lower results.

Why further studies are needed

There are good reasons for digital testing, and the trend with computerized assessment is increasing.
Identifying students with low math performance could potentially be facilitated by testing on tablet,
especially among younger children, but there is a lack of knowledge on the comparability of paper-
and tablet-based tests.

Thus, the validity and reliability of online testing need to be compared with established paper-
based methods for testing in order to ensure good psychometric quality. Therefore, we investigated
the comparability of test-retest for both versions, the correlation between the paper and tablet
version of the HRT, and relationship with other relevant tests, as well as comparability of absolute
measures of central tendencies (mean and standard deviation) of both versions.

Hypotheses

The first hypothesis was that the test-retest correlations for the tablet version of the HRT-scales
Addition, Subtraction, Missing Term and Count Amount would be comparable to the test-retest
correlations for the paper version. The second hypothesis was that the correlation between formats
would be at the same level as the test-retest reliability for each format. The third hypothesis was that the
correlations, or convergent validity, between the tablet version of the HRT-scales Addition, Subtraction
and Missing Term and the tablet version of the four subtests on the Grade 3 Math Battery (Math
Battery; Fuchs, Hamlett, & Powell, 2003), would be comparable to the correlations between the paper
version of HRT and the DEMAT 4 test (Gölitz, Roick, & Hasselhorn, 2006). Finally, we aimed to present
Swedish norms on tablet for the HRT-scales, the Math Battery and a mathematical word problem-
solving measure to provide a context for more useful interpretation of scores.

Method

Design

To examine the test-retest reliability of the tablet versions of HRT (first hypothesis) and the Math
Battery several samples were tested twice on each measure in various contexts (see Participants).
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To test the correlation between the paper and tablet version between HRT (second hypothesis)
the participants were tested on both paper and tablet versions of HRT using a counterbalanced
design to avoid potential order effects. This sample is referred to as the Different formats sample.

Finally, norms were collected for HRT, the Math Battery and the mathematical word problem-
solving measure. This sample (called the Normative sample) was also use to investigate the correla-
tion, or convergent validity, between HRT and Math Battery (third hypothesis). Table 1 provides an
overview of all studies.

The study was approved by the Regional Ethical Board (Reference no. 2012/320).

Participants

Test-retest sample 1: same administrators
The first test-retest sample initially consisted of 152 students in grade 2 recruited from five schools,
situated in both privileged and socially disadvantaged surroundings, covering a spectrum with low,
medium and high parental educational levels, as well as low and high levels of ethnic diverse
background. A one year older cohort in these schools showed somewhat lower mathematical
achievement on the Swedish National Tests in Mathematics in comparison to the national average.
The proportions of Swedish second language learners varied from low to high levels in the schools.
Twenty-two students were excluded because they were absent on one of the testing occasions. Of the
remaining 130 students in the study, 53 were female and 77 were male. The age ranged from
8.0 years to 9.5 years, with a mean age of 8.7 years (SD = 0.3).

Test-retest sample 2: different administrators
The second test-retest sample initially consisted of 164 students in grade 2 recruited from seven
schools. The schools came from both privileged and socially disadvantaged areas, with a fairly even
split between number of students with low respectively high parental educational levels, presenting
with both low, medium and high levels of ethnic diverse background. Achievement on the Swedish
National Tests in Mathematics for a one year older cohort in these schools was similar to the national

Table 1. Overview of analyses.

Study Participants* Procedure Hypothesis/question

Test-retest tablet,
Same Administrators

n = 128,
Second grade

Whole class,
Test administrator

First hypothesis1

Test-retest tablet,
Different Administrators

n = 114–134,
Second grade

Whole class,
Teacher respectively test
administrator

First hypothesis1

Test-retest tablet,
Before math training

n = 264–265,
Low
performing,
Second grade

Groups of 1–5 students with test
administrator

Examination of performance effects
on reliability

Test-retest tablet,
After math training

n = 236–238,
Low
performing,
Second grade

Groups of 1–5 students with test
administrator

Examination of performance effects
on reliability

Paper vs Tablet n = 94,
Second grade

Whole class,
Test administrator

Second hypothesis2

Convergent Validity, HRT & Math
Battery

n = 554,
Second and
third grade

Whole class,
Administrated by teacher

Third hypothesis3

* Variation in ”n” is due to missing data on some items in some of the analyses.
1 First hypothesis: the test-retest correlations for the tablet version of the HRT-scales Addition, Subtraction, Missing Term and
Count Amount would be comparable to the test-retest correlations for the paper version.

2 Second hypothesis: the correlation between formats would be at the same level as the test-retest reliability for each format.
3 Third hypothesis: the correlations, or convergent validity, between the tablet version of the HRT-scales Addition, Subtraction and
Missing term and the tablet version of the four subtests on the Grade 3 Math Battery, would be comparable to the correlations
between the paper version of HRT and the DEMAT 4 test.
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average. Furthermore, there was a wide span of shares of students learning Swedish as a second
language among the schools. Twenty-seven students were excluded because of absence or technical
problems with the tablet. Of the remaining 137 students in the study, 78 were female and 59 were male.
The age ranged from 8 years and 0 months to 9 years and 6 months with a mean age of 8.8 years
(SD = 0.3).

Test-retest sample 3: same administrators in small groups with low-performing students
This sample of 273 students in grade 2 participated in an intervention study targeted at helping low-
performing students catch up in math. Students were spread across 27 schools in two small cities and
one big city, Stockholm, in Sweden. The schools were located in both socially disadvantaged and
privileged areas. These students belonged to the approximately lowest third of the distribution with
respect to mathematical achievement. Test-retest was measured two times with this sample: the
sample was first tested twice before the intervention (baseline) and then tested twice after the
intervention (post). While 273 students participated at baseline, due to attrition during the inter-
vention or absence on at least one testing occasion only 240 students completed later tests. Of the
initial 273 students, 136 were boys and 137 were girls. The age ranged from 7.4 years to 9.8 years
with a mean age of 8.2 years (SD = 0.4).

Demographic data was collected from 76% of the sample. The educational level of parents was
slightly above the Swedish mean with 62% of the students having a parent with post high school
education. Four percent of the parents reported very low income, 12% reported low income, 55%
reported medium income and 29% reported high or very high income. Employment rate for all
parents was 84.3%, with parents working on average 94% of full-time. The rate of unemployed
parents was 4.8 %, compared to the national unemployment rate of 6.7% (Statistics Sweden, 2016).
Of the remaining parents 3.2% were studying, 2.4% were on parent leave, 4.1% were on long-term
sick leave or disability pension and 1.2% reported other activities. Twenty percent of the students
primarily spoke another language than Swedish at home. Thirty-nine percent of the children lived in
apartments and 61% in detached or terrace houses.

Different formats sample
This sample initially consisted of 124 students in grade 2 recruited from four schools. The schools
came from both socially disadvantaged and privileged areas, covering high and low levels of ethnic
diverse background as well as high and low parental educational levels. Mathematical achievement
for a one year older cohort in these schools was comparable to the national average of students
passing the Swedish National Tests in Mathematics. The schools also represented a wide range of
shares of students learning Swedish as a second language. Thirty students were excluded: 22 were
absent on at least one test occasion and 8 showed lack of compliance or worries, had technical
problems, participated in a special education program or had missing data. Of the remaining 94
students in the study, 41 were female and 53 were male. The age ranged from 7.4 to 10.2 with a mean
age of 9.0 years (SD = 0.4). Table 2 presents detailed data for the schools in this sample.

Table 2. Demographics for schools in the different formats sample, the distribution of participants among schools and school size.

School

Parents with Post High
School Education
(% for the school)

Either Child or both Parents Born
Outside Sweden (% for the school)

No of Participants
in 2nd Grade

No of Children
in 2nd Grade

No of Children
in the School

1 26 93 14 37 207
2 29 89 15 23 385
3 28 59 38 69 304
4 64 11 27 32 294
Sweden 53 19

Sweden = Demographics for the Swedish Population. School 1 and 2 consisted of one class each, School 3 and 4 consisted of two
classes each. Two out of three classes participated in School 3. Data regarding details of the demographics for each separate
sample can be obtained from the corresponding author.
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Normative sample
The normative sample consisted of 265 second-grade students and 289 third-grade students. This
sample was recruited from seven schools located in both privileged and socially disadvantaged areas in
Sweden. The schools were at geographically widespread areas with two schools from smaller cities in the
southern part of Sweden and five schools from different areas of Stockholm. A weighted mean of the
schools background characteristics showed that approximately 62% of the students had parents with
post high school education, compared to the national average of 56%. The share of students with ethnic
diverse background were estimated to 41%, compared to the national average of 21%. Finally, the
weighted mean of the third-grade students in the sample showed that 88% passed on the four arithmetic
scales on the Swedish National Tests in Mathematics, compared to the national average of 89%.

Instrument

Heidelberger rechen test 1–4 (HRT)
HRT is a paper-based speed-test developed in Germany. It is used from the end of 1st grade (6-year old
children) until the beginning of 5th grade. The test measures basic math skills to aid teachers in identifying
needs and to provide adequate guidance. Each scale is introduced by an instruction read verbatim by the
teacher, and the students are asked to practice on a few items before the test begins. The test consists of 12
subscales and 3 aggregated scales and the administration of the complete test takes about 45 minutes.

Previous investigations on HRT (N = 246) have demonstrated a test-retest reliability of r = .69-.89
within 2 weeks for the subscales and r = .87-.93 for the aggregated scales (Haffner et al., 2005). The
criterion validity for the Total scale in relation to math grade has been measured in two independent
samples. The bigger sample (N = 1894–1999, depending on subscale) covered grades 1–4 and
showed a correlation of r = .67 with math grade. The smaller sample (N = 182) covered grade 3
and showed a correlation of r = .68 with math grade. Convergent validity was r = .72 for the HRT
Total scale and the DEMAT 4 test, which also measures basic arithmetic, although with a stronger
foucs on curriculum alignment and application than HRT (Gölitz et al., 2006).

Proficiency with addition and subtraction of whole numbers is considered a bench mark for the
critical foundations in mathematical development (National Mathematics Advisory Panel, 2008) and
therefore five scales from HRT were investigated: Addition (HRT-ADD), Subtraction (HRT-SUB),
Missing Term (HRT-MISSING), Count Amount (HRT-COUNT) and Tap Rate (HRT-TAP). HRT-
ADD, SUB and MISSING comprise 40 items each with a testing time of 2 minutes per scale. HRT-
ADD and SUB both start with simple number facts (e.g., 1 + 5 or 5–1) and gradually increase in
difficulty with the last items involving two 3-digit numbers (e.g., 346 + 455 or 728–343). HRT-
MISSING contains both addition and subtraction facts, starting with simple facts (e.g., 5+_ = 6) and
gradually increasing the item difficulty with the last items being rather complex (e.g., _-25 = 8 + 40).
HRT-COUNT comprises 21 items with a testing time of 1 minute. Each item consists of 8–21 figures
(e.g., scissors or letters) and the figures are placed in patterns that will lend support to the use of
addition and multiplication while counting (e.g., a 2 × 4 grid). HRT-TAP comprises 60 items with a
testing time of 0.5 minutes. Each item is a number symbol (e.g., 5) and the student is instructed to copy
this item by hand. HRT-TAP does not measure critical mathematical skills, but is used as a control
variable to measure writing speed or general difficulties with working tempo, or even motivation.

The tablet version of all five HRT-scales were made on iPad2. The Swedish instructions from the
paper test were used on the tablet version and an animated character read the instructions verbatim.
Students had to tap on number buttons lined up from 0 to 9, from left to right, at the bottom of the
screen and then tap the next-button to produce an answer. The program corrected incorrect answers
in the practice phase, prior to the real test, verbally and visually. Since the piloting with students on
the tablet version clearly showed a need for instructions and practice on how to use the input format
on the tablet (e.g., typing two digit numbers or deleting an incorrect answer) a few additional
instructions were added to the software.
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The grade 3 math battery (Math Battery)
Four subtests from the Math Battery (Fuchs et al., 2003) were included in the study. Each subtest
comprises 25 items and the student has 1 minute to produce answers on each subtest. Addition Fact
Fluency 0–12 contains additions fact problems with answers from 0 to 12 and with addends from 0
to 9. Addition Fact Fluency 0–18 covers addition fact problems with answers from 0 to 18 and with
addends of 0 to 9. Subtraction Fact Fluency 0–12 comprises subtraction fact problems with answers
from 0 to 9 with minuends from 0 to 12. Subtraction Fact Fluency 0–18 consists of subtraction facts
problems with answers from 0 to 9 and with minuends from 0 to 18. Good to high internal
consistencies (.86-.93) have been reported in several studies (Fuchs, Compton, et al., 2008; Fuchs,
Fuchs, et al., 2008; Fuchs, Powell, et al., 2009). Addition Fact Fluency 0–12 and Subtraction Fact
Fluency 0–12 on paper showed criterion validity with the total math score on Terra Nova (CTB/
MacGraw-Hill, 1997) with .53 respectively .51 (Fuchs, Compton, et al., 2008; Fuchs, Fuchs, et al.,
2008). The four subtests were made on iPad2 using the same interface and similar instructions as
HRT, as described above.

Mathematical word problem-solving test
A test including 16 one-step and two-step addition-subtraction word problem was used in the study
(Jitendra et al., 2007). Problems were selected from commonly used third grade textbooks in USA.
All answers were from 0 to 9. A study by Jitendra and colleagues (2007) showed good internal
consistency (.84-.86) and presented concurrent validity ranging from .64 to .71 with the SAT-9
Mathematics: Problem Solving, and from .51 and .57 with the SAT-9 Mathematics: Procedures
(Harcourt Brace & Company, 1996). For practical and technical reasons the scoring procedure was
changed when turning the test into a tablet version. The original scoring procedure assigned 1 point
for correct number model and 1 point for the correct number and label, resulting in 2 possible points
for each problem. The tablet version only assigned 1 point for correct number. Besides this alteration
of the original version, students used the same interface and received similar instructions as in
previous tests. To mimic the paper version students were also provided with paper and pencil and
encouraged to use these if needed during problem solving.

Procedure

In all samples test administrators and teachers followed test protocols, constructed by the research-
ers, with explicit instructions on principles to be followed during testing and verbatim instructions to
be read to the students.

Test-retest sample 1: same administrators
The tablet versions of HRT and the Math Battery were administered on two separate occasions, to all
the students in the regular classroom by a test administrator from the research project with teacher
(s) assisting the administrator. All classes conducted the two testing occasions within 3–14 days
between the last week in January and the last week in May in second grade.

Test-retest sample 2: different administrators
The tablet versions of HRT and the Math Battery were administered on two separate occasions, to all
the students in the regular classroom, but this time by a test administrator on one occasion and by
the class teacher on the other occasion. In order to counterbalance the seven classes in the Test-retest
Sample 2, each class was randomized to either teacher led testing or test administrator led testing on
the first testing occasion. All classes completed the two testing occasions within 3–12 days between
the last week in January and the first week in June in second grade.
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Test-retest sample 3: same administrators in small groups with low-performing students
Test-retest on tablet was examined twice for this sample, once before the intervention and once towards the
end of the intervention after on average approximately 20 hours of math training for the majority of
students. A test administrator tested students in this sample on all occasions, but the format was different
from previous samples with students being tested in small groups ranging from 1–5 students per group in a
separate room instead of testing the entire class.

All students completed the two testing occasions in second grade: at baseline within 1–10 days
between last week of August and the last week of February, and at post test within 1–11 days between
the second week in December and the last week of July for the vast majority of the students. The
time between test and retest was a few days longer for a few students.

Different formats sample
The six classes in the Different formats sample were matched pairwise according to which school
they belonged. Classes in each pair were randomized to paper or tablet first conditions.

The paper and the tablet versions of HRT were administered on separate occasions, in whole
class, in the regular classroom by a test administrator from the research project with teacher(s)
assisting the administrator. The test administrators followed a test manual to achieve a standardized
procedure. All classes conducted the paper and the tablet version of HRT within 3–7 days during the
last week in May and the first week in June in second grade.

Normative sample
Students in second grade were tested on tablet versions of HRT and the Math Battery on the same testing
occasion and a tablet version of the word problem solving test one or two days later. Students in third
grade were only administered HRT and the Math Battery and this was done on one testing occasion. The
class teacher, no staff from the research project being present, administered all tests to all the students.

All normative testing was conducted between the second week in September and the second week
in October.

Statistical analysis

Statistical analysis started with thorough descriptive analyses to detect error, and presence of outliers
and extreme values. We examined outcome variables for normality, by investigating medians in relation
to means, magnitude of skewness, and QQ-plots. To handle a handful of extreme values on a very few
variables and to avoid losing data, winsorizing (Tabachnick & Fidell, 2007) was used. Pearson correla-
tions, and in some instances t-tests, were computed between paper and tablet versions of HRT, test-
retest on tablet for HRT and Math Battery respectively, and for convergence between HRT and Math
Battery. Effect sizes were computed using Cohen´s d with pooled standard deviations.

Results

Test-retest sample 1: same administrators

The first hypothesis was that the tablet version of the all four HRT-scales (i.e., ADD, SUB, MISSING,
and COUNT) would show comparable test-retest reliability with the test-retest reliability for the
paper version. HRT-ADD, SUB and MISSING displayed test-retest reliability from .80 to .84, while
HRT-COUNT demonstrated a lower test-retest reliability of .59. The comparability of test-retest on
tablet with test-retest on paper will be presented in the discussion. Test-retest correlations for HRT
and Math Battery, using same administrators, are shown in Table 3. The Math Battery presented
with test-retest reliabilities from .75 to .82. Effect sizes between first and second testing were minimal
or small and demonstrated no consistent direction.
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Test-retest sample 2: different administrators

To further examine the first hypothesis about test-retest reliability another sample, using different
administrators, was tested. As seen in Table 4, HRT-ADD, SUB, and MISSING showed test-retest
reliability from .84 to .86. HRT-COUNT demonstrated lower test-retest reliability of .60. The
comparability of test-retest on tablet with test-retest on paper will be presented in the discussion.
The Math Battery presented with test-retest reliabilities from .79 to .85. Mean differences between
first and second testing were small and showed no consistent direction.

Test-retest sample 3: same administrators in small groups with low-performing students

The test-retest reliability of HRT was also investigated with a sample of low-performing students. Table 5
shows that all test-retest correlations at baseline were low for HRT andMath Battery, except for HRT-ADD
andMISSING that presented with somewhat higher correlations. The correlations increased for all scales at
post-assessment (Table 6). Scales with low correlations at baseline demonstrated the biggest increase at
post: the test-retest improvement ranged between .08 and .25 for the Math Battery scales and HRT-SUB,
COUNTandTAP. The test-retest reliability at post were highest forHRT-ADD andMath Battery Addition
0–12, somewhat lower for HRT-SUB, Missing terms and Math Battery Addition 0–18, a little lower for
HRT-TAP, Math Battery Subtraction 0–12 and Subtraction 0–18, and lowest for HRT-COUNT.

Different formats sample

The second hypothesis was that all four HRT-scales would show correlations between paper and tablet
versions that were comparable to the test-retest correlations for both version. The correlations between
paper and tablet version of HRT are presented in Table 7. The arithmetic scales (HRT-ADD, SUB, and

Table 3. Test-retest Sample 1: Same Administrators, only Tests on Tablet. Relative (test-retest correlations) and Absolute (paired
t-tests) Stability, Efffect Sizes (d), Means and Standard Deviations (SD) between First and Second testing on Tablet.

Scale
Relative stability

r

Absolute stability

Cohen’s d
First Testing
Mean (SD)

Second Testing
Mean (SD)t p

HRT Addition .85 1.46 .15 0.07 18.13 (4.71) 17.77 (5.39)
HRT Subtraction .80 1.92 .057 0.11 16.36 (5.15) 15.70 (6.43)
HRT Missing Term .84 −1.02 .31 0.05 10.34 (5.03) 10.61 (5.61)
HRT Count Amount .59 −1.82 .071 0.15 7.06 (1.82) 7.35 (2.12)
HRT Speed .60 −3.34 .001 0.27 13.50 (2.24) 14.13 (2.46)
Math Battery Addition 0–12 .81 −0.41 .68 0.02 11.39 (4.93) 11.51 (5.43)
Math Battery Addition 0–18 .81 −0.92 .93 0.00 8.73 (4.12) 8.75 (4.95)
Math Battery Subtraction 0–12 .82 −0.51 .61 0.03 6.85 (3.81) 6.97 (4.57)
Math Battery Subtraction 0–18 .75 −0.72 .47 0.05 5.70 (4.19) 5.91 (4.63)

All correlations significant at p < .001. N = 128.

Table 4. Test-restest sample 2: Different administrators, only tests on tablet. Relative (test-retest correlations) and absolute (paired
t-tests) stability, efffect sizes (d), means and standard deviations (SD) between first and second testing on tablet.

Scale
Relative stability

r

Absolute stability

Cohen’s d
First Testing
Mean (SD)

Second Testing
Mean (SD)t p

HRT Addition .85 −0.83 .41 0.04 17.60 (4.44) 17.80 (5.11)
HRT Subtraction .84 1.43 .16 0.07 16.61 (5.42) 16.15 (6.79)
HRT Missing Term .86 −2.39 .018 0.11 10.31 (4.89) 10.87 (5.15)
HRT Count Amount .60 −2.21 .029 0.17 6.94 (1.85) 7.27 (1.99)
HRT Speed .60 −4.57 <.001 0.36 13.61 (2.12) 14.39 (2.24)
Math Battery Addition 0–12 .83 0.42 .69 0.02 11.77 (5.14) 11.65 (5.89)
Math Battery Addition 0–18 .79 −0.16 .87 0.01 8.99 (4.14) 9.04 (4.75)
Math Battery Subtraction 0–12 .81 −0.95 .34 0.06 7.25 (4.16) 7.51 (4.89)
Math Battery Subtraction 0–18 .85 −2.14 .034 0.11 6.08 (4.84) 6.63 (5.14)

All correlations significant at p < .001. N = 134 for all HRT scales. N = 114 for all Math Battery scales.
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MISSING) showed correlations between tablet and paper (r = .70-.85) that were comparable to
the test-retest reliability of the tablet version (r = .84-.86). Comparisons with the paper version will follow
in the discussion. HRT-COUNT obtained a very low correlation (r = .29). Means were consistently higher
on the paper version of HRT. No significant differences on any of the HRT-scales were found for ordering
effects (i.e., if paper administered first, or tablet administered first, impacted the results; family wise
corrected p-value of .05/4 = .0125). There were no significant differences on paper and tablet format for
parental educational level or ethnicity (family wise corrected p-value of .05/8 = .00625).

Normative sample

The third hypothesis was that the correlations, or convergent validity, between the tablet version of HRT-
ADD, SUB and MISSING, and the tablet version of the Math Battery, would be comparable to the

Table 5. Test-retest sample 3: Same administrators, low-performing students tested in small groups at baseline, only tests on
tablet. Relative (test-retest correlations) and absolute (paired t-tests) stability, efffect sizes (d), Means and Standard Deviations (SD)
between first and second testing.

Scale
Relative stability

r

Absolute Stability

Cohen’s d
First testing
Mean (SD)

Second testing
Mean (SD)t p

HRT Addition .67 −0.39 .70 0.02 9.96 (3.63) 9.89 (3.86)
HRT Subtraction .56 −1.10 .27 0.06 7.42 (3.73) 7.18 (3.94)
HRT Missing Term .66 0.58 .56 0.03 3.83 (2.35) 3.91 (2.54)
HRT Count Amount .43 0.20 .84 0.01 5.26 (1.59) 5.28 (1.80)
HRT Speed .50 1.87 .063 0.12 11.60 (2.20) 11.88 (2.58)
Math Battery Addition 0–12 .52 −6.41 <.001 0.38 5.99 (2.91) 4.87 (2.95)
Math Battery Addition 0–18 .51 −6.71 <.001 0.41 3.85 (2.45) 2.90 (2.20)
Math Battery Subtraction 0–12 .49 −5.85 <.001 0.36 2.95 (1.82) 2.32 (1.66)
Math Battery Subtraction 0–18 .39 −3.65 <.001 0.25 1.62 (1.60) 1.24 (1.43)

All correlations significant at p < .001. N = 264 – 265.

Table 6. Test-retest sample 3: Same administrators, low-performing students tested in small groups at post measurement, only
tests on tablet. Tests for relative stability (test-retest correlations), Means and Standard Deviations (SD), absolute stability (paired
t-tests) and effect size.

Scale
Relative stability

r

Absolute stability

Cohen’s d
First testing
Mean (SD)

Second testing
Mean (SD)t p

HRT Addition .70 1.05 .29 0.05 13.38 (3.70) 13.58 (3.88)
HRT Subtraction .68 1.03 .31 0.05 11.25 (3.87) 11.46 (3.86)
HRT Missing Term .68 4.33 .001 0.23 6.40 (3.00) 7.14 (3.41)
HRT Count Amount .51 0.36 .72 0.02 6.28 (1.57) 6.31 (1.73)
HRT Speed .62 0.64 .53 0.03 14.17 (2.28) 14.25 (2.41)
Math Battery Addition 0–12 .74 −5.62 <.001 0.26 10.11 (4.60) 8.91 (4.54)
Math Battery Addition 0–18 .66 −3.58 <.001 0.19 6.20 (3.12) 5.60 (3.19)
Math Battery Subtraction 0–12 .63 −5.27 <.001 0.30 5.30 (2.50) 4.55 (2.58)
Math Battery Subtraction 0–18 .64 −2.59 .01 0.14 3.65 (2.48) 3.30 (2.44)

All correlations significant at p < .001. N = 236 – 238.

Table 7. Different formats sample. Correlations, means, standard deviations, and difference between tablet and paper versions of HRT.

Scale r*
Mean (SD)
Paper

Mean (SD)
Tablet

Difference
Paper-Tablet1

t-value* for
Difference

Addition .82 19.35 (4.62) 16.44 (4.15) 2.92 10.52
Subtraction .85 17.62 (5.76) 15.07 (5.48) 2.54 7.84
Missing Term .70 8.91 (3.90) 7.62 (3.94) 1.30 4.14
Count Amount .29 7.63 (2.27) 6.72 (1.60) 0.90 3.69

N = 94. * All correlations (r) and t-values significant at p < .001. 1 Due to rounding, differencies in this column may differ slightly
from differencies between reported means of paper and tablet in previous columns.
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correlations between the paper version of HRT and the DEMAT 4 test. Table 8 presents correlations
between the HRT and the Math Battery for a normative sample in grade 2 and 3. Correlations between
the Math Battery, and HRT-ADD, SUB, and MISSING ranged from .67 to .82. Comparisons with the
correlation between the paper version of HRT and DEMAT 4 will follow in the discussion.

Norm tables for HRT and Math Battery in grade 2 and 3, as well as norms for the mathematical
word problem-solving test in grade 2, are presented in Appendix A.

Discussion

A few studies have examined comparability between tablet and paper in domains such as mental
health, neurocognitive disorders and cognitive ability. However, to the best of our knowledge this is
the first study to investigate comparability between a tablet and a paper version of a test for academic
skills, although numerous studies have investigated the difference between computer-based and
paper-and-pencil administration of academic tests.

Conclusions

The overall results provide evidence for the feasibility of transferring arithmetic scales (i.e., HRT-
ADD, SUB and MISSING) from paper to tablet format with comparable estimates of test-retest
reliability for each format (first hypothesis), correlation between formats being at the same level as
the test-retest reliability for each format (second hypothesis), and significant correlations with other
tests for each format (third hypothesis). However, interchangeability of scores was not obtained
which would be necessary to demonstrate complete comparability. Consequently, separate norms are
needed for tablet and paper formats. Lastly, the same level of comparability was not obtained for the
pictorial counting scale (HRT-COUNT).

More specifically, test-retest reliability of the arithmetic HRT-scales on the tablet version (r = .84-.86)
showed retained, or improved, correlations compared to the results of a German study on the test-retest
(r = .77-.86.) on paper only (Haffner et al., 2005). The correlation between the paper and tablet version of
the arithmetic HRT-scales (r = .70-.85), and the test-retest correlation for paper (r = .77-.86; Haffner
et al., 2005) and the test-retest correlation for tablet (r = .84-.86 for Test-retest sample 1 and 2, the more
representative test-retest samples) were comparable as well, although differences were somewhat larger
for Missing Term. The correlations between the tablet versions of these arithmetic HRT-scales and the
Math Battery scales (r = .67–82), were comparable with the correlation between the paper version of the
HRT Total scale and the mathematical paper test DEMAT 4 (r = .72) (Gölitz et al., 2006).

The same quality of transfer was not viable for a counting scale with pictorial items (HRT-
COUNT). The most striking contrast between HRT-COUNT and the other HRT-scales are the
pictorial items in HRT-COUNT and the numeric symbols in the other scales. Presumably, a blend of
(1) differing perceptual demands, (2) differing motor skill requirements, (3) differing modes of item
presentation, and (4) familiarity with electronic devices (Schroeders & Wilhelm, 2010), in

Table 8. Correlations in 2nd and 3rd grade between HRT and math battery.

Scale
HRT

Subtraction

HRT
Missing
Term

Math Battery
Addition
0–12

Math Battery
Addition
0–18

Math Battery
Subtraction

0–12

Math Battery
Subtraction

0–18

HRT Addition .82 .75 .82 .81 .74 .72
HRT Subtraction .76 .77 .78 .78 .76
HRT Missing Term .71 .71 .69 .67
Math Battery Addition 0–12 .88 .79 .77
Math Battery Addition 0–18 .81 .79
Math Battery Subtraction 0–12 .84

All correlations are significant at p < .001. N = 554.
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combination with this contrast could account for the differential outcomes in comparability. For
instance, the ability to touch and count things with a pointed pencil compared to a finger (differing
motor skills requirement and meta-perspectives) probably affects HRT-COUNT substantially more
than arithmetic scales.

Notably, students produced generally lower scores on the tablets and therefore comparability, in
terms of complete interchangeability of scores, was not obtained. Students scored about 2.5–3 fewer
items/points correct on HRT-ADD and SUB, and approximately one item/point less correct on
HRT-MISSING and COUNT. The standard deviations were similar, or slightly lower for tablet, but
were unrelated to the number of items correctly completed.

The lower scores on the tablet version of all HRT-scales are in line with the meta-analysis by
Kingston (2009) which presented small effects in favor of paper-based tests compared to computer-
based (not tablets) assessment for students in K-12 mathematics, and studies showing lower average
performance for cognitive ability tests on personal digital assistants (notebooks, tablets, etc.)
compared to paper format (Schroeders & Wilhelm, 2010). However, in the meta-analysis by Wang
et al. (2007) no differences were found between computer- and paper-based math tests for students
in K-12 mathematics. Altogether, this could indicate that differences in scores are larger between
tablet and paper tests than between computer and paper tests. Furthermore, important differences
between computers and tablets highlight the contributions of this study since the same fine motor
skills required to handle a computer mouse are not necessary on tablet (Scaife & Bond, 1991).
Consequently, this implies that separate norms are needed for tablet when interpreting scores.

Another major finding was that test-retest reliability was lower among low-performing students. Test-
retest for any of the HRT andMath Battery scales at baseline were not comparable to test-retest reliability
for the paper version or the tablet version, althoughHRT-ADD andMISSINGwere somewhat higher. At
post test, when themajority of the same sample had received 20 hours ofmath training on tablet, the test-
retest reliability improved for all HRT and Math Battery scales, showing a more similar pattern to test-
retest results in other samples. The conditions under which testing was performed (small groups) might
have a bearing on the performance of students as well. Low-performing students tested in small groups
performed slightly better than the corresponding low-performing part of the normative sample which
was tested in entire classes. Standardization of the test conditions should be kept in mind. Additionally,
the intervention sample was half-a-year younger than the other samples possibly suggesting that test-
retest reliability might be lower among younger students. This proposition parallels, to some extent,
results onmental health questionnaires where levels of comparability were lower among 13 year-olds and
younger (Muehlhausen et al., 2015). Regardless of effects of performance and potential age effects,
another potential explanation for variations in test-retest correlations is that shorter test timemight have
a negative effect on test-retest reliability.

Furthermore, no effect of test administrator was found on test-retest reliability when testing entire
classes.

Limitations

One limitation of the study was that demographics for all samples, except the Test-retest sample 3, were not
collected on individual, but on school level. Yet, the coverage of broad spectrums of diverse ethnic back-
grounds and parental educational levels in each sample allowed for good generalizability. In addition, the
three test-retest samples allowed for a thorough investigation of administrator and performance effects on
test-retest reliability. The lack of individual data also limited the possibility to determine whether attrition
(12–24%) was systematic, although absence at one of both testing occasions, and technical problems in
terms of failing Internet connections were the main reasons for attrition, which seemed unlikely to be
systematic. Another limitation was the lack of comparison with an external criterion (i.e., grades), which
would have been favorable when measuring comparability (International Test Commission, 2006).
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Summary

The present study provides novel insights into how psychometric properties of academic achieve-
ment measures are affected when translated from paper to tablet. Results suggest that arithmetic
measures work equally well on tablet, but that pictorial items, or likewise, need special attention and
more iterations for optimal adaption to tablet format. Separate norms - as supplied here for the
Swedish population - are needed for tablet since students’ scores are lower on tablet than on paper.
The study also conveys that repeated testing on tablet does not yield consistent evidence for higher
performance. Type of test administrator does not influence reliability on tablet-based tests.

Future research and application

It is unclear if the lower test-retest reliability in the low-performing sample is caused by skill deficits or by
greatermotivational fluctuations compared to average performing students. Research could examine this
by systematically manipulate motivational factors and construct tests not suffering from restriction of
range. Speculatively, differing modes of item presentation (e.g., list versus item wise) on paper versus
tablet might also influence the performance. A potential threat to comparability between paper and tablet
tests are instances where tablet tests use item wise presentation and paper tests use list wise presentation
of items. Schroeders and Wilhelm (2010) pointed out that simultaneously visible items can cause
interference and item wise presentation might trigger different test-taking strategies (e.g., disproportio-
nately much time on specific items). Moreover, differing opportunities to skip, review and revise items
could also have a negative impact on the comparability between formats. As an example of potential
interference, students could see all the items on the Count Amount scale on the paper version, while they
could only see a single item at a time on tablet. This might lead to different meta-perspectives, and may
result in different levels of performance. Yet, no effect of contrasting ways of presenting items was found
in Schroeder and Wilhelm’s study, but this study tested cognitive abilities among high school students
without time constraints, making it difficult to generalize. Additional experimental studies are needed to
ascertain the potential effect of item presentation on performance.

Finally, this study might help teachers feel more confident to assess students’ skills in a valid way
on a new format (tablet), which is potentially more efficient and convenient than traditional paper or
computer-based testing, especially among younger students where motor skill requirements can be
an obstacle when testing on computers. Teachers should be aware that scores on tablet may be
somewhat lower than on paper tests.
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