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Evaluation of a 'Painting and Puzzles 
Exercise Book for Statistics' for psychology 
first year students
Kim L. Austerschmidt, Denise Kerkhoff, Sarah Bebermeier & 
Anne Hagemann

Statistics courses are challenging for many psychology students. We designed a ‘Painting and Puzzles 
Exercise Book for Statistics’ for first year psychology undergraduates, to repeat and deepen the course content 
and get prepared for the exam. We describe the development and characteristics of the book and report a 
longitudinal evaluation study. Users (N=72) rated the book positively and judged it as helpful, easy to use, 
and enjoyable. Students with initially higher skills, younger students and, those who graduated from school 
recently were more likely to use it. We matched users to non-users from the preceding and the evaluation 
cohort, respectively, on characteristics at study entry and found positive effects on achievement (exam grade 
and perceived management of course content) for users. We reason that the book is a valuable support that 
can be embedded in an ongoing course easily.
Keywords: statistics; drawing; psychology first year students; learning support; active learning.

PSYCHOLOGY is an empirical discipline 
with a strong focus on research methods 
and statistics. Hence, in undergraduate 

psychology major programs, a compara-
tively great number of courses in research 
techniques and statistical analyses has to be 
completed and is obligatorily anchored in 
university curricula (American Psycholog-
ical Association, 2013; British Psychological 
Society, 2019; Stoloff et al., 2009). However, 
it is well known that many students struggle 
with mathematical and statistical content, 
especially at the very beginning of their 
studies (Doyle, 2017; Heublein et al., 2017; 
Onwuegbuzie & Wilson, 2003).

Beginners in the psychology major 
program are often overwhelmed by the unex-
pectedly large proportion of mathematical 
content (Ruggeri et al., 2008) as many of 
them aim to work as clinical psychologists or 
in related fields and do not expect to require 
extensive statistical knowledge in their future 
career (Leino et al., 2019). Regularly, students 
prefer application-oriented courses (Holmes, 
2014; Rajecki et al., 2005; Reiß et al., 2011) 
over the methodological content which they 

perceive as complex and abstract (Garfield & 
Ben-Zvi, 2008) and commonly do not recog-
nize the scientific character of the subject 
of psychology (Fonteye et al., 2015; Holmes, 
2014; Veilleux & Chapman, 2017). On the 
other hand, students are often not adequately 
prepared for the requirements in statistics 
courses and lack mathematical and especially 
statistical skills (Field, 2014; Fonteye et al., 
2015) which are crucial for statistics achieve-
ment (Chiesi & Primi, 2010; Hood et al., 
2012). Overall, subject related mathematical 
skills of first year students in psychology have 
declined over the last decades (Carpenter & 
Kirk, 2017).

A lack of confidence and negative attitudes 
towards statistics (Dempster & McCorry, 2009; 
Vanhoof et al., 2006) but also statistics anxiety 
(Chiesi & Primi, 2010; Macher et al., 2012) 
are therefore common among psychology 
students, especially for those with initially low 
mathematical skills (Dempster & McCorry, 
2009; Finney & Schraw, 2003). However, low 
self-efficacy, negative attitudes, and anxiety 
impede success and decrease performance 
(Chew & Dillon, 2014; Dempster, & McCorry, 
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2009; Kennett et al., 2009; Schau, 2003; Trem-
blay et al., 2000; Vanhoof et al., 2006) because 
of the lower motivation and the reduced time 
students spend on learning statistics (Budé 
et al., 2007; Hood et al., 2012; Macher et al., 
2012).

The rationale for a ‘Painting and 
Puzzles Exercise Book for Statistics’
Because of the high relevance and chal-
lenging nature of methods and statistics 
courses, many tools have been developed 
to improve teaching, change negative atti-
tudes, support students’ learning and thus 
enhance their academic success (e.g. GAISE 
College Report ASA Revision Committee 
2016; Garfield & Ben-Zvi, 2008, 2009; Zief-
fler et al., 2008). Whereas technology-based 
support has been applied and investigated 
thoroughly in the last years (e.g. Aberson 
et al., 2000; Austerschmidt & Bebermeier, 
2019; Bebermeier et al., 2015; Chance et al., 
2007; Goode et al., 2018), analog methods, 
especially self-learning materials, were not in 
the focus of research.

In general, during the process of learning, 
hands-on and autonomous activities support 
learning outcomes (Herrmann, 2009) and it 
is known that providing or letting learners 
generate multiple representations of a 
concept on their own improves a deeper 
understanding (Ainsworth, 2014). Especially 
beginners, who are faced with a lot of new 
content, could be addressed and supported 
by graphics and illustrations, which can be 
preferred over dynamic representations that 
need much more working memory capacity 
(Mayer et al., 2005). One way to obtain alter-
native representations and graphical interac-
tion with the content can be drawing.

While drawing, the learner cannot only 
consume information but must act intention-
ally (Fiorella & Zhang, 2018). By integrating 
verbal and pictorial models, monitoring and 
regulation activities – and thus learners’ cogni-
tive and metacognitive processes – are acti-

1  A German version of the PPB as well as sample solutions can be requested for teaching purposes. If required, 

please contact the authors.

vated, which in turn enhance deep learning 
(Leutner & Schmeck, 2014). Besides that, 
drawing has been shown to improve students’ 
interest and involvement with the content 
(Meter & Garner, 2005). Furthermore, auton-
omous visualisation enhances learning success 
(Schwamborn et al., 2010).

Certain requirements must be met to 
make drawing an effective learning tool. In 
their meta-analysis, Cromley et al. (2020) 
found drawing to especially affect the more 
basic outcomes of factual and inferential 
learning, whereas transfer learning is affected 
to a minor degree. Thus, drawing seems to be 
most applicable to support the understanding 
of fundamental concepts at the beginning of 
education. Nückles and Wittwer (2014) stated 
that a precondition for the use of pictures 
in learning is that learners must be familiar 
with symbols and elements (and able to inter-
pret them correctly) or, alternatively, symbols 
and elements must be illustrated in legends. 
Furthermore, learners need time and support 
to integrate new representations of content 
into their prior knowledge and earlier repre-
sentations (Ainsworth, 2014; Meter & Garner, 
2005) and accurate instructions seem to make 
drawing even more effective (Cromley et al., 
2020). Finally, self-generated visualizations can 
function as a kind of self-assessment which can 
uncover misconceptions and gaps in knowl-
edge (Bobek & Tversky, 2016). Such feedback 
about knowledge (gaps) gives an indication 
for the next steps to take in the learning 
process and affects feelings of competence 
and self-determination (Eccles & Wigfield, 
2002; Herrmann, 2009).

The present research
To offer psychology students an innovative 
analog learning tool in their statistics educa-
tion and assess its usability and value, we 
developed and evaluated a ‘Painting and 
Puzzles Exercise Book for Statistics’ (PPB)1. 
The PPB provides alternative support for 
dealing with statistical content and combines 
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explanations of content and visualisation of 
statistical concepts by drawing and calcu-
lating statistical parameters by hand. This 
should train application, enhance students’ 
motivation to work with the course content 
relevant for the exam, and promote a deeper 
learning experience and greater under-
standing by active engagement with the 
content. Since 2013, we regularly survey our 
psychology students longitudinally during 
their first year regarding their academic 
achievement. In the student cohort 2018, we 
added items to the second questionnaire at 
the beginning of the third semester to eval-
uate the PPB and were thus able to compare 
users’ and non-users’ achievement as well as 
users’ achievement with the achievement of 
non-users from the preceding cohort.

Our research has three main goals. First, 
we want to explore how users get along with 
the PPB and depict how they evaluate it. 
Therefore, students who had used the PPB 
were asked to rate it regarding different 
aspects. We expect users to evaluate overall 
properties positively and rate the PPB as 
helpful, easy to use, and enjoyable. Also, 
structure and design and task difficulty 
as well as the amount of content covered 
should be rated as suitable. To answer our 
first research question (RQ1), we examine 
descriptive values regarding the rating of:

- RQ1a: overall properties
- RQ1b: structure and design and
- RQ1c: task difficulty and amount of content 
covered. 

As a second goal, we investigate which 
students do (not) use the PPB. We compare 
users to non-users regarding their charac-
teristics at study entry. Although the offer 
addresses the enhancement of basic skills 
and learning motivation, a certain affinity 
to statistics and level of motivation might 
make the usage of support services more 
likely (Bebermeier & Nussbeck, 2014). For 
psychology students, it has been shown that 
low self-efficacy beliefs and uncertainty as 
well as high achievement motivation can 
lead to the use of basic services despite suffi-

cient objective competencies (Austerschmidt 
& Bebermeier, 2020). Because the PPB is a 
newly developed offer, and because we want 
to explore if users of the PPB differ in aspects 
of competency, motivation, and demo-
graphics, we test for differences regarding 
skills (i.e. scores on the math assessment), 
and motivational characteristics (i.e. interest 
in and perceived relevance of statistics). 
Furthermore, older participants or those 
who graduated from school a longer time 
ago probably have further obligations, like 
family care or side jobs (Heublein et al., 
2010), and are less familiar with mathemat-
ical content (Austerschmidt & Bebermeier, 
2020). This may decrease time and commit-
ment for the additional offer. On the other 
hand, it has already been shown that those 
students prefer flexible support services that 
do not require attendance (Bebermeier & 
Nußbeck, 2014). To determine the impor-
tance of characteristics (at study entry) for 
using the PPB, we examine the following 
exploratory hypotheses:

- H1a: Initial mathematical skills of users and 
non-users differ.

- H1b: Initial interest in and perceived rele-
vance of statistics of users and non-users 
differ.

- H1c: Age and high school graduation year 
of users and non-users differ.

Our third and last goal is to assess the 
benefits of the PPB since we expect positive 
effects on learning outcomes. We therefore 
compare the achievement of users with two 
samples of non-users: (1) students from the 
preceding cohort without availability of the 
PPB, and (2) students from the same cohort 
who did not use the PPB. To draw reliable 
conclusions, compared groups should be as 
similar as possible. We thus match users to 
non-users of each comparison group (with 
respect to math skills, attitudes towards 
statistics and demographic characteristics at 
study entry) and test for differences in their 
achievement.

Generally, academic success can be meas-
ured by objective as well as subjective criteria 
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(Sutherland, 2017) and self-perceived compe-
tencies are closely related to (later) objective 
measures of success, such as grades (Aust-
erschmidt & Bebermeier, 2019; Bebermeier 
et al., 2019). We thus use the statistics grade 
as an objective and perceived management 
of the study requirements in statistics as a 
subjective measure of academic achievement. 
We hypothesise that, given comparable math 
skills, attitudes towards statistics, and demo-
graphic characteristics at study entry:

- H2a: Users achieve better statistics grades 
than non-users from the preceding cohort.

- H2b: Users report better management of 
requirements in statistics than non-users 
from the preceding cohort.

- H3a: Users achieve better statistics grades 
than non-users from the same cohort.

- H3b: Users report better management of 
requirements in statistics than non-users 
from the same cohort.

Course structure
The course ‘Statistics for Psychologists I & 
II’ is obligatory for all psychology students at 
the beginning of the bachelor’s program and 
is taught four hours weekly during the first 
(descriptive statistics) and second semester 
(inferential statistics). Thematic units are 
presented in Table 1. The course reported 
here took place in winter term 2018/19 
and summer term 2019 and addressed 132 
students enrolled in the psychology major 
programme who had to pass the final exam 
covering the content of both semesters.

Table 1: Thematic units of the course ‘Statistics for Psychologists I & II’.

Unit Content Term

1 measurement theory winter

2 univariate descriptive statistics winter

3 bivariate descriptive statistics winter

4 simple and multiple linear regression winter

5 probability and probability distribution winter

6 basics of inferential statistics (sampling distributions, confidence intervals) summer

7 hypothesis tests for metric variables (t-tests, analysis of variance, regression) summer

8 hypothesis tests for nominal and ordinal variables (chi-square-test, Mann-Whitney 
U-test, Wilcoxon-test)

summer

9 power analyses summer

Development and provision of the 
‘Painting and Puzzles Exercise Book for 
Statistics’
Five research assistants of the working group 

‘methods and evaluation’ created exercises 
on the course content (see Table 1), thereby 
focusing on topics (a) of particular impor-
tance for the general understanding of statis-
tics and (b) suitable for calculation tasks, 
visualisation, and drawing activities. The 
exercises were peer-reviewed and revised 
several times. The final PPB consists of 36 

pages including a cover page, introduction, 
and table of contents, introductory texts 
and 28 exercises (measurement theory: 3, 
univariate descriptive statistics: 1, bivariate 
descriptive statistics: 3, simple and multiple 
linear regression: 6, probability and prob-
ability distribution: 7, basics of inferential 
statistics: 2, hypotheses tests for metric vari-
ables: 5, power analyses: 1). We show sample 
exercises in Figure 1A to 1C.
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Figure 1A: Linear regression: Drawing regression lines for different sets of coefficients.

Figure 1B: Odds and probabilities: Drawing diagrams to visualize the difference between odds 
and probabilities.
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Figure 1C: Basics of inferential statistics: The relation between α, β and power.

To optimally meet competencies and 
enhance motivation and self-confidence, we 
constructed exercises which we considered 
challenging but not too demanding (Eccles 
& Wigfield, 2002; Herrmann, 2009). Further-
more, exercises were designed in accordance 
with requirements of later exam tasks. We 
included allocation exercises to help students 
consolidate the meaning and application of 
statistical symbols and expressions. Explana-
tory texts introduce each topic to point out its 
relevance for everyday life, for understanding 
statistics or for working as a psychologist and to 
help students integrate the concepts into their 
prior knowledge. Particularly, we used simple 
and vivid language to ensure an easy access 
to the content. Finally, to enhance motiva-
tion and reduce anxiety and negative attitudes, 
we included some humorous text elements 
(Field, 2014; Schacht & Stewart, 1990) and 
chose real-life and application-oriented tasks 
(Field, 2014).

In sum, the PPB offers a cohesive collec-
tion of exercises on topics relevant for the 

exam, instead of providing, for example, a 
mix of different worksheets on different topics. 
The PPB is provided and recommended by 
the lecturer and content can be looked up 
again later, so that students should get moti-
vated to engage with the content further and 
in more depth.

The PPB was provided in the course roughly 
six weeks before the last statistics session in the 
summer term 2019 (i.e. two months before 
the exam). At the end of the summer term 
(two weeks before the exam), sample solu-
tions for the exercises were provided online 
to enable students to check and revise their 
answers, to assess their performance and, if 
they had made mistakes, to learn from them.

Method
Psychology students at our university are 
usually asked to answer one paper-and-pencil 
questionnaire in their first statistics lecture 
and a second one after the final statistics 
exam at the very beginning of their third 
semester. In both surveys, students generate 
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an individual code which enables us to 
combine the data of the two times of meas-
urement. For the evaluation of the PPB, some 
questions relating to this offer were added to 
the second survey in the cohort 2018. Appli-
cable ethical standards, specifically the APA 
standards, were followed in the conduct of 
the study. The rights of the participants in 
our research were protected.

First survey
In the first survey, students’ gender, age, high 
school graduation year, mathematical skills, 
and the interest in and perceived relevance of 
statistics were assessed. It has been shown that 
basic mathematics tests assessing study relevant 
competencies are good predictors of future 
achievement in statistics (Austerschmidt & 
Bebermeier, 2019; Fonteye et al., 2015). Thus, 
mathematical skills were operationalized by 
an assessment of study relevant mathematical 
content (21 multiple-choice tasks: four on 
algebra, four on fractional arithmetic, four 
on percentage calculation, five on probability 
calculation and four on the interpretation of 
graphics and tables; internal consistency Cron-
bach’s α = .63). We measured the interest in 
statistics with the 6-point Likert item ‘How 
interested are you in the study contents of 
methods and statistics?’ (1 = not at all, 6 = very) 
and the perceived relevance of statistics with 
three 6-point Likert items (‘How relevant do 
you think is sound knowledge in methods 
and statistics for a) psychologists in general 
b) successful graduation c) your later profes-
sional activity?’, 1 = not at all, 6 = very, α = .74).

Second survey
The second survey again assessed sociodemo-
graphic characteristics and perceived manage-
ment of the study requirements in statistics 
with the single 6-point Likert item ‘How well 
did you get along with the mathematical study 
content so far?’ (1 = not at all, 6 = very good). In 
cohort 2018, also usage and rating of the PPB 

2  In cohort 2017, out of 137 students addressed by the statistics course, 106 (77%) answered the first survey, 81 

(59%) answered the second survey and 48 (35%) answered both. Information about grades are available for 

71 students (52%), of which 69 also answered the items relevant to our analyses from the first questionnaire.

was assessed. Participants were asked to indi-
cate if they had used the PPB (yes / no) and 
to rate the task difficulty (5-point Likert item: 
1 = much too easy, 3 = appropriate, 5 = much too 
difficult) and amount of content covered (1 = 
too little, 2 = appropriate, 3 = too much). Further, 
students rated structure and design of the 
PPB on four 6-point Likert items (e.g. ‘Instruc-
tions were clear to follow.’, 1 = does not apply, 6 
= applies perfectly, α = .82) and the overall evalu-
ation of the PPB on eight 6-point Likert items 
(e.g. ‘I would recommend the PPB to other 
students’, ‘The PPB promotes understanding 
of the course content’, 1 = does not apply, 6 = 
applies perfectly, α = .86).

Exam grades
Additionally, students were asked to provide 
their individual code on their statistics exam 
sheet and thereby give consent to link their 
grade with the longitudinal data. Grades 
range from 1.0 (best grade) to 5.0 (fail).

Results
Out of 132 students addressed by the statistics 
course in cohort 2018, 117 (89%) answered 
the first survey, 90 (68%) answered the 
second survey, and 65 (49%) answered both. 
Information about grades are available for 92 
students (70%), of which 61 also answered 
the items relevant to our analyses from both 
questionnaires2. To assess if PPB-users and 
non-users from the preceding cohort (H2) 
or the same cohort (H3), with comparable 
characteristics at study entry, differ in grade 
and course management, matched samples 
were generated using the MatchIt package 
(Ho et al., 2011) in R 3.5.2 (R Core Team, 
2016). The matching process was based on 
math assessment, interest in and perceived 
relevance of statistics, gender and high 
school graduation year and used nearest 
neighbour matching. Due to unequal sample 
sizes (H1) and non-normality in the data 
(H1, H2 and H3), we consistently computed 
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Mann-Whitney-U-tests to assess differences 
in characteristics at study entry between PPB-
users and non-users (H1), and differences in 
academic achievement between PPB-users 
and non-users from the preceding cohort 
(H2) or the same cohort (H3).

RQ1: Evaluation of the PPB
Most of the participants who answered the 
second survey in cohort 2018 indicated that 
they had worked with the PPB (72 out of 90; 
80%). For these cases, descriptive statistics 
of the ratings will be reported. Regarding 
RQ1a and RQ1b, we found the overall rating 
of the PPB (Mdn = 4.6, M = 4.62, SD = 0.74) 
as well as the rating of structure and design 
(Mdn = 5.3, M = 5.15, SD = 0.70) to be very 
positive. Median and arithmetic mean for 
both measures are located clearly in the 
upper range of the scale ranging from 1 
(lowest value) to 6 (highest value).

Relating to RQ1c, users mostly indicated 
the difficulty of exercises to be ‘appropriate’ 
(40/72, 56%). 16 users each (22%) deemed 

the exercises either ‘somewhat difficult’ or 
‘somewhat easy’ and no one rated them as ‘much 
too easy’ or ‘much too difficult’. Further, nearly 
half of the users rated the amount of content 
covered by PPB to be appropriate (31/71, 
44%), but even more (38/71, 54%) stated 
they would have appreciated more content to 
work on. No one chose the option ‘too much’. 
Thus, many participants were satisfied with 
the demands, but many participants were not 
fully satisfied with the coverage of thematic 
units.

H1: Characteristics of users and non-
users
Characteristics at study entry (first survey) 
are available for 65 out of 90 (72%) of the 
students in cohort 2018 providing informa-
tion about usage of the PPB in the second 
survey. We tested this sample for differences 
between PPB-users and non-users. We show 
descriptive statistics for both groups and 
results of two-tailed Mann-Whitney-U-tests 
for hypotheses 1a, b, and c in Table 2.

Table 2: Characteristics at study entry of users and non-users of cohort 2018 and results of 
two-tailed U-tests.

Users Non-users

n Mdn M (SD) n Mdn M (SD) U p r

Math assessment 54 12.5 12.37 (3.36) 11 10.0 9.64 (2.91) 162.5 .018 -.29

Interest 52 3.0 3.48 (0.98) 11 3.0 3.09 (1.04) 345.5 .259 -.14

Relevance 54 4.8 4.90 (0.67) 11 5.0 4.36 (1.23) 372.5 .183 -.17

Graduationa 54 1.0 2.53 (4.44) 11 4.0 4.73 (5.34) 306 .037 -.23

Age 54 20.0 21.22 (4.69) 11 23.0 24.8 (5.34) 142 .006 -.34
Note. Mdn = median, r = effect size.
ayears since graduation. 

Users solved more tasks in the initial math-
ematics assessment correctly than non-users, 
U = 162.5, p = .018, r = -.29, supporting H1a. 
Contrary to H1b, there are no significant 
differences for the interest in or the perceived 
relevance of statistics. However, arithmetic 
means indicate slightly higher values for users. 
Further, students who did not use the PPB are 
older than users, U = 142, p = .006, r = -.34. In 

line with this, non-users graduated a longer 
time ago than users, U = 306, p = .037, r = -.23. 
These findings support H1c.

H2: Achievement of users compared to 
non-users from the preceding cohort
Information on variables used for matching 
and outcome variables (grades or manage-
ment) are available for 51 PPB-users 
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in cohort 2018 and 69 cases from the 
preceding cohort (H2a, grade) or 43 PPB-
users in cohort 2018 and 48 cases from the 
preceding cohort (H2b, management). For 
each hypothesis, PPB-users were matched 
to an equal number of non-users from the 
preceding cohort. The matching process 
aimed at an 1:1 ratio and yielded a sample 

of 102 (H2a) and 86 (H2b) participants 
(for sample statistics of matched samples see 
Appendix A), consisting of 51 (H2a) or 43 
(H2b) users and an equal number of non-
users from the preceding cohort. Matched 
samples were tested for group differences in 
grades and management (Table 3).

Table 3: Descriptive values of grade and management and results of one-tailed U-tests for 
matched samples of users and students from the preceding cohort.

Users Preceding cohort

n Mdn M (SD) n Mdn M (SD) U p r

Gradea 51 1.3 1.73 (0.90) 51 1.7 2.12 (1.04) 995 .019 –.21

Management 43 4 4.16 (0.95) 43 5 4.49 (0.86) 733 .960 .19

Note. Mdn = median, r = effect size. Users were matched to non-users with respect to math assessment, interest in and 
perceived relevance of statistics, gender, and high school graduation year.

ahigher grades denote worse exam performance. 

Mann-Whitney-U-tests revealed signifi-
cant differences between matched PPB-users 
and non-users from the preceding cohort 
regarding grade (U = 995, p = .019, r = -.21) 
in the presumed direction, but not regarding 
management (U = 733, p = .960, r = .19). 

Therefore, H2 is partially confirmed. Users 
achieved better grades but did not report 
better management than non-users from the 
preceding cohort. Figures 2 and 3 show the 
distribution of values for grade and manage-
ment for the matched groups.

Figure 2: Distribution of grade values for users and students (non-users) from  
the preceding cohort.
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Figure 3: Distribution of management values for users and students (non-users) from the 
preceding cohort.

H3: Achievement of PPB-users 
compared to non-users from the same 
cohort
Information on variables used for matching 
and outcome variables (grades or manage-
ment) are available for 51 PPB-users and 10 
non-users (H3a, grades) and 43 PPB-users 
and 9 non-users (H3b, management). The 

matching process aimed at a 3:1 ratio of 
users to non-users and yielded a sample of 40 
(H3a) and 36 (H3b) participants, consisting 
of 30 (or 27) users and 10 (or 9) non-users 
(for sample statistics of matched samples see 
Appendix B). Matched samples were tested 
for group differences in grades and manage-
ment (Table 4).

Table 4: Descriptive values of grade and management and results of the one-tailed U-tests 
for matched samples of users and non-users from the same cohort (2018).

Users Non-users

n Mdn M (SD) n Mdn M (SD) U p r

Gradea 30 1.7 1.86 (1.00) 10 2.3 2.53 (1.11) 221.5 .012 –.36

Management 27 4.0 4.07 (0.96) 9 4.0 2.89 (1.36) 63.5 .014 –.37

Note. Mdn = median, r = effect size. Users were matched to non-users with respect to gender, high school graduation 
year, math assessment, interest in and perceived relevance of statistics.
ahigher grades denote worse exam performance. 

Mann-Whitney-U-tests revealed that 
matched users and non-users differ signifi-
cantly regarding grade (U = 221.5, p = .012, r 
= -.36) and management (U = 63.5, p = .014, r 
= -.37). As hypothesized, users achieved lower 

(better) grades (H3a) and reported better 
management of requirements in statistics 
(H3b). Figures 4 and 5 show the distribution 
of values for grade and management for the 
matched groups.
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Figure 4: Distribution of grade values for users and non-users from the same cohort (2018).

Figure 5: Distribution of management values for users and non-users from the same cohort 
(2018).

Discussion
Results indicate that the main goals of our 
study were reached. First, we found that 
most surveyed psychology students used our 
PPB, evaluated it positively and judged it as 
helpful (RQ1a). Also, we observed an excel-
lent rating of structure and design (RQ1b). 
Task difficulty was perceived as adequate and 
nearly half of the users were also satisfied 
with the amount of content covered by the 
PPB, but even more would have liked addi-
tional content to be covered (RQ1c). These 

findings support the positive evaluation, too, 
since many students seem to get along well 
with the tasks and wish for more content to 
work on with the PPB.

Second, non-users differ from users 
regarding characteristics at study entry. Non-
users are probably not as familiar with math-
ematical content as users are, as users show 
higher initial skills in mathematics (H1a), are 
younger and graduated from school more 
recently (H1c). However, despite a tendency 
to lower descriptive values in non-users, there 
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were no significant group differences for 
interest in or relevance of statistics, and thus 
H1b must be rejected. These results go in 
line with findings of Bebermeier et al. (2019), 
showing that students with initially higher 
mathematical skills use voluntary learning 
tools in statistics more often.

Third and last, we revealed achievement 
differences between users and comparable 
non-users from the preceding (H2) and the 
same cohort (H3). PPB-users achieved better 
grades (H2a, H3a) and reported higher 
management of requirements compared 
to non-users from the same cohort (H3b), 
which confirms previous findings showing 
that using learning support can improve 
objective measures of academic achievement 
as well as the subjective improvement of 
academic success (Bebermeier et al., 2019; 
Matthews et al., 2013). Our results also 
go in line with findings of Austerschmidt 
and Bebermeier (2019), indicating that 
enhancing the support from one cohort to 
another can have diverging effects on objec-
tive or subjective learning outcomes.

We further conclude that most students 
accept our newly developed learning tool and 
work with it, indicating that further engage-
ment with the content was achieved. The PPB 
seems to be suitable for students at the begin-
ning of their statistics education and thus suit-
able for teaching basic knowledge without 
being too demanding (Cromley et al., 2020; 
Mayer et al., 2005), as shown by the results 
of RQ1. We showed benefits for students 
who used the PPB (H2 & H3) and conclude 
that the alternative representation and active 
engagement with the subject matter probably 
enhances learning and understanding (Ains-
worth, 2014; Herrmann, 2009).

Even though the PPB is easily available to 
the students, time and effort must be invested 
in working with it. Results of H1 indicate that 
students who probably have particular prob-
lems with the course and its content did use 
the PPB less likely. However, the analyses based 
on matched, most comparable students from 
our samples, showed that both, high and low 
competent (operationalised by scores on the 

math assessment) students, can benefit from 
the PPB. Since it shall promote basic skills and 
enhance motivation, the latter group should 
therefore be particularly encouraged to use 
the offer or alternative learning support more 
suitable for them. Results show that non-users 
differ from users in key characteristics such 
as graduation year and solved math tasks, but 
they are not significantly less interested in 
statistics or consider it less relevant. Since the 
non-significant effects may also be a result of 
low statistical power due to the small number 
of non-users, further research should investi-
gate the relationship between statistics affinity 
(i.e. interest in statistics) and use of learning 
tools more closely in order to derive recom-
mendations. On the one hand, the differ-
ences in means of relevance and interest 
between users and non-users, and the small 
to medium effect sizes for the respective tests 
(see Table 2) indicate that non-users might 
show less affinity to statistics, but to a smaller 
extent than expected. If, on the other hand, 
non-users show comparable affinity for statis-
tics as users, stressing the importance of statis-
tics and the availability of additional learning 
tools might not be a determining factor in 
increasing the use of such support services. 
Instead, further research is necessary to inves-
tigate what might motivate students with such 
characteristics (i.e. older-than-average and/or 
less math skills) to use the PPB and compa-
rable tools – or investigate what prevents them 
from doing so. A relevant factor might be the 
ability to manage the demands the statistics 
course poses, which is lower in non-users than 
in users. For example, some students might 
have less resources or be more easily over-
whelmed by the high demands and therefore 
not use the PPB to reduce their workload.

But there are also some critical issues of 
our study to be addressed. Because of the 
small number of non-users, results should 
be interpreted with caution. Additionally, 
we observed a moderate dropout rate: not 
all students addressed by the course partici-
pated in our study and especially a signifi-
cant number of students did not answer the 
second survey. For our analyses, data was 
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available for two-thirds of the students. We 
conducted additional analyses, which showed 
that students who completed both surveys 
perform better in the math assessment, state 
a higher perceived relevance of statistics and 
perform better in the exam than students 
who only answered the first survey. Also, 
average grades achieved in our sample are 
slightly better than the average grade of the 
whole cohort, including non-participants. 
Thus, characteristics of dropouts probably 
correlate with measures from the survey, 
since more competent and more motivated 
students seem to attend the lecture more 
regularly, complete the course successfully, 
and therefore are more likely to answer the 
second survey. However, this phenomenon is 
commonly known in research investigating 
academic success (Larsen et al., 2013).

It is problematic to deprive a group of 
students of an offer for ethical reasons, and 
not in accordance with academic teaching 
in general either to force or to impede 
students to use an offer. In our study, this 
led to a small number of non-users which 
makes reliable inferences challenging. 
Matched samples of PPB-users and non-
users from the same cohort still are not 
entirely comparable regarding matched vari-
ables and additionally could differ in further 
characteristics not considered in the present 
study. This may have at least partially caused 
differences in achievement. We therefore 
included the comparison with the preceding 
cohort before the introduction of the PPB 
for additional evidence. However, to figure 
out the incremental value of the PPB more 
precisely, more data of non-users (and users) 
from the following cohorts or samples of 
users and non-users from other universities 
should be investigated and could provide 
further insight.

Subsequent investigations should try to 
increase survey coverage rates and in this way 
reach (more) students with problems. Further, 
future studies should investigate differential 
effects of usage on achievement for low and 
high competent students, for the PPB but 
also for other support services. Thus, students 

can systematically be addressed by offers that 
suit them best and promise success. Further 
research is needed to figure out why especially 
low competent students rarely use the PPB 
and to further examine if it is as suitable and 
promising for them to enhance achievement. 
However, the small sample of non-users in the 
evaluation cohort may not be representative, 
and a very special group of students and thus 
it is difficult to draw conclusions based on 
this data.

For teachers, we recommend pointing 
out the relevance of statistics to enhance 
engagement and motivation, especially in low 
competent students. Recommending specific 
learning tools for certain levels of knowledge 
or specific goals to be achieved (e.g. repeating, 
deepening content or gaining basic skills) can 
help to meet students’ needs. In this regard, 
it has been shown that within statistics educa-
tion, assessment exercises with constructive 
feedback are effective for supporting students 
individually (Garfield & Ben-Zvi, 2007; Lovett 
& Greenhouse, 2000). Further, support 
services like the PPB should be embedded 
into the course, for example, by providing 
them within the lecture or covering exam 
relevant content. Probably, this approach 
contributed to the observed high usage and 
the positive evaluation. Additionally, it should 
be even more promising to provide learning 
materials step-by-step accompanying the 
lecture which we evaluate at the present while 
providing a revised version of the PPB. Finally, 
the PPB turns out to be a useful complement 
to lecture attendance and other learning tools 
which can further enhance learning success 
and is well accepted by students. As it is in the 
nature of academic teaching, a lot of learning 
opportunities offered are not obligatory. Thus, 
this evaluation provides ecologically valid 
empirical evidence. Students using the PPB 
may have spent additional time on learning, 
which naturally should lead to better grades, 
but this very fact was intended by the learning 
tool. Yet, it is essential to examine and (if 
possible) control potential confounding vari-
ables in future studies.
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Appendix A

Students’ Characteristics of Matched Samples (H2).

H2a (grade) H2b (management)

Users 
(N = 51)

Preceding cohort 
(N = 51)

Users 
(N = 43)

Preceding cohort 
(N = 43)

Mdn M (SD) Mdn M (SD) Mdn M (SD) Mdn M (SD)

Math assessment 12.0 12.10 (3.23) 13.0 12.29 (3.26) 13.0 12.28 (3.50) 12.0 11.98 (3.47)

Interest 3.0 3.49 (0.99) 3.0 3.29 (0.99) 3.0 3.42 (0.98) 3.0 3.33 (0.97)

Relevance 4.7 4.66 (0.68) 4.7 4.90 (0.83) 4.7 4.83 (0.64) 4.7 4.68 (0.75)

Graduationa 1.0 2.63 (4.55) 1.0 1.51 (2.27) 1.0 2.51 (4.88) 1.0 1.51 (2.35)

f (%) f (%) f (%) f (%)

Gender (female) 44 (84%) 43 (86%) 38 (88%) 26 (84%)
Note. Mdn = median, f = frequency.
ayears since graduation. 

Appendix B

Students’ Characteristics of Matched Samples (H3).

H3a (grade) H3b (management)

Users (N = 30) Non-users 
(N = 10)

Users 
(N = 27)

Non-users 
(N = 9)

Mdn M (SD) Mdn M (SD) Mdn M (SD) Mdn M (SD)

Math assessment 11.0 10.47 (2.90) 10.0 9.60 (3.06) 11.0 10.52 (3.03) 10.0 9.89 (2.67)

Interest 3.0 3.13 (0.77) 3.0 3.10 (1.10) 3.0 3.22 (0.93) 3.0 3.00 (1.12)

Relevance 4.7 4.72 (0.68) 4.5 4.30 (1.28) 4.7 4.64 (0.61) 5.0 4.33 (1.35)

Graduationa 1.0 3.33 (6.06) 4.0 3.67 (2.00) 1.0 3.48 (5.98) 4.0 3.67 (2.00)

f (%) f (%) f (%) f (%)

Gender (female) 23 (77%) 8 (80%) 24 (89%) 8 (89%)
Note. Mdn = median, f = frequency.
ayears since graduation. 




